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13. Abstract (continued)

or TCD. Phase I further expanded Phase 1 testing by challenging the TSP with
GD, VX, or combined HD/Levisite (L). Polyethylene glycol (MW a 540 daltons,
PEG 5ý0) was used as a quality control TSP and a reference Qtandard
throughout the task.

TSPs ranged from completely ineffective to hightly effective against specific
CSM challenges. Three TSPs, lCD Nos. 1465. 1511. and 1536, were selected for
testing it, Phases 2 and 3.
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I
S EXECUTIVE SUMMARY

Fourteen candidate topical skin protectants (TSPs) were examined in

ia multiple-phase testing rellmen that included a variety of testing models

designed to assess different aspects of TSP efficacy. Phase I initial

efficacy tests were performed using both jj yjj= and iJ viva models. The

Phase 1 12 yitro modeli involved determining the penetration profile of a

challenge dose of chemical surety materiel (CSM), either soman (GD), VX, or

thickened soman (TGD), through a 0.1 mm thick film of TSP layered between two

disks of synthetic membrane. The in vivo rodels were perforrned in New Zealand

White rabbits pretreated with 0.1 = thick layers of TSP. Following topical

application of an organophosphonate challenge (TCO) on rabbits, the end point

for determining TSP efficacy was erythrocyte acetylcholinesterase inhibition

profiles. Following topical application of a vesicant challenge (H1), the end

point for TSP efficacy was the size of the lesion rnsultlng after prescribed

exposure periods.

Phase 2 consisted of J1 j. testing only &M diffired frrm Phase 1

In that the candidate TSPs wire subjected to water and time stress before

challenging with NO0 or TGO. Phase 3 further expanded Phase I testing by

challenging the TSP with GO, VX, ar coetoined HO0/LUimiite (L). Polyethylene

glycol (MW - 540 dal~ors, PEG 540) was qsed as a quility control TS? and a

reference standard thr.ughout the task.

TSP% ranged from completely ineffective to highly effectivo against

specific CMI challenges. Three TSPs, IIC Nos. 1465, 1511, and 1536, were

selected for testing in Phases 2 and 3.
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TASK 89-03:
TEST UP TO 20 CANDIDATE TOPICAl PROTECTANTS

1.0 INTRODUCTION

The U.S. Army Medical Research and Development Command (USAMROC) via

the U.S. Army Medical Research Institute for Chemical Defense (USAMPICD) is

currently evaluating candidate topical skin protectants (TSPs) for their

efficacy against various chemical surety materiel (CSM) challenges.

Task 89-03 was conducted at Battelle's Medical Research and Evaluation
Facility (MREF) to examine the protective effectiveness of TSPs submitted by

USAMRICD for testing. Materials and methods employed in this study are

dptailed in MREF Protocol 58, supplied as Appendix A to this report and

entitled, 'Evaluation of New Candidate Topical Protectants Using hn Vitro and

in Viv• Models to Determine Their Relative Effectiveness Against Thickened GD,
GO, VX, HO and HL." The task consistcd of three test phases (see diagram in
Appendix A), which included both in y and in vivo tests conducted under h
variety of test cinditions and rSM challenges. Upon completion 3f each phase

of testing, candidate TSPs were statistically ranked from most to least

effective relative to each CSM challenge. The objective of this task was to
proviaoe information to USAMRICD scientists to be used for identification of

effi,:acio, candidate TSPs for transition to more advanced testing and field

evalu~tions.

Letter reports of the results were presented to USAMROC as each
phase of screening was completed. Based on the letter reports (included as
appendices B, C, and 0 of this report), decisions to transition TSPs from one

phase to tne next for further testing was made by USAMRICO investigators with

consultation from MREF personnel. Thus, of the 14 TSPs tested in Phase 1,
five TSPs were initially transitloned for testing in Phase 2. However, at the

further direction of USAMRICD, only three of these TSPs were fully tested in

Phase 2 and were then transitioned to Phase 3. The other two TSPs

transitioned to Phase 2 were, therefore, only partially tested.
In addition to the above work, five special studies associated with

assessing the in vivo efficacy of various lots of ICD No. 1536 were performed

under Phas2 I of MREF Task 89-03 to meet additional test requirements needed

to answer questions raised during Operations Desert Shield and Desert Storm.



A su-mary of findings from each special study is presented in Section 3.6 of

this report.
2.0 MATERIALS AND METHOQO.

Polyethylene glycol with a mean molecular weight of 540 daltons

(PEG 540, or Carbowax, from Union Carbide) was included in all phases as a TSP

control. Stringent quality control processes based on the day-to-day efficacy

of PEG 540 were maintained throughout each phase of study to control for

variable experimental conditions.

All CSM was supplied by USAMRICD. HL was formulated at the h1REF as

75 percent HO and 25 percent L by volume. Purities of GO, GO in TGO, VX, and

HD were assessed by Battelle chemists prior to use on study. The mean purity

and range of acceptable purities (95 percent confidence limits) used in

Task 89-03 are listed in Table 1. Volumes of GO, TGD, and VX for application

on rabbit backs were adjusted for pvrity.

TABLE 1. RANGE OF ACCEPTABLE CSM PURITIES (percent)
USED IN TASK 89-03

Standard Lr7r er

CSi Mean Deviation Limit Limit

GO 88.2 2.2 33.8 96.2
TGD 82.6 5.4 71.8 93.4
VX 76.8 3.8 69.2 84.4
HO 87.7 2.5 82.7 92.7

A list of the 14 TSPs tested in Task 89-03, identified by ICD No.,

MREF No., product name, and manufacturer is presented in Table 2.

I;
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2.1 Test Animals

New Zealand White rabbits were chosen as the in y test model for

this study on the basis of the extensive MREF data base and experience for

percutaneous applications of CSt and TSPs to the species. Male, specific

pathogen-free (SPF) rabbits were homogeieously assigned to treatment groups

based on body weights (2.0 to 4.0 kg). Rabbits were purchased from Hazleton
Laboratories, Kalamazoo, MI. Rabbits were quarantined at either the MREF or
at the Battelle Animal Resources Facility, 505 King Avenue, Columbus, OH,

before being transported to the MREF. Upon receipt at the MREF, the animals
were weighed, sexed, and observed for signs or symptoms of disease during a

3 quarantine period of at least 7 days. Positive identification of animals

throughout each study was maintained by ear tattoo.
4 Animals transported to the MREF from the King Avenue facility were

acclimated for at least 24 hr prior to being placed on study. At both

facilities, housing was individual in stainless-steel, slotted cages equipped
3with automatic watering systems. Humidity was programmed and maintained at

50 percent (± 10 percent) and temperature a* 21 C (± 3 C). Fluorescent

lighting was maintained at a lght/dark cycla of 12 hr each per day. Purina

Certified Rabbit Chow and water were available at all times during quirantine

and holding. During the 24-hr test period, animals were given free access to
water, but were not given rabbit chow while in the treatment stanchions. No

4 •contaminants which would interfere with the results of the study are known to

be present in the water or feed.
Rabbits were given 5.0 mg/kg (20 mg/mL) xylazine and 35.0 mg/kg

(100 mg/mL) ketamine by intramuscular injection prior to the marking of test

sites and TSP application.

2.2 Facilities

Battelle's Animal Resources Facilities have been registered with the
4 U.S. Depar4 .nent of Agriculture (USDA) as a research facility (Number 31-21)

since August 14, 1967, and are periodically inspected in accordance with the
provisions of the Federal Animal Welfare Act. Battelle's statement of

I] assurance regarding the Department of Health and Human Services policy on

4g
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1 humane care of laboratory animals was accepted by the Office of Protection

from Research Risks, National Institutes of Health, on August 27, 1973.
Animals at Battelle are cared for in accordance with the guidelines set forth

in th1 "Guide for the Care and Use of Laboratory Animals" (NIH Publication No.

86-23) and/or in the regulations and standards that are promulgated by the

Agricultural Research Service, USDA, pursuant to the Laboratory Animals

Welfare Act of August 24, 1966 as amended.

On January 31, 1978, Battelle Memorial Institute received full

accreditation of its animal care program and facilities from the American

I Association for Accreditation of Laboratory Animal Care (AAALAC). Battelle's
full accreditation status has been renewed after every inspection since the

3 original accreditation. The MREF is a part of the facilities granted full

accreditation.

*2.3 Experimental Desian

I Phase 1, designated the initial efficacy phase, was conducted in two

Sp4rts, one ij ; to and one Ja yjvQ involving le New Zealand White rabbits.

The purpose of Phase 1 was to determine where a given TSP would rank for

initial efficacy relativo to other TSPs using GO, TGO, or VX (in vitr) and HD

J or TGD (iJn vvo) as challenge agents. HO and TGO were selected for use in

Phases 1 and 2 ij yjy tests because both present substantial cutaneous

* hazards, and represent the two broad classes of chemical agents (i.e.,

U vesicants and nerve agents) for which TSPs should be efficacious.

IPhase 2. designated tne functional testing phase, was conducted to

* determine how TSPs transitioned from Phase I would be affected by factors

encountered in field use, i.e., time of wear and environmental moisture.

i Phase 3, designated the advanced efficacy phase, was conducted to

detemine how successful candidate TSPs from the previous phases protect

1 against a wider range of challenge agents, namely GO, VX, and HL. HL was

I idefined for this study as a mixture of 75 percent HO and 25 percent L by

3 volume.

4g
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J2.3,1 Phase- . Initial Efficacy. In Vitro

During the in vir part of Phase 1, a 0.5 uL volume of -nerve agent

(GD, TGD, or VX) was applied on a triple-layer test assembly that was

positioned irn a Teflon* Flow-Thru Diffusion Call (Crown Glass, Somerville, NJ)

maintained at 37 C in a water-heated receptacle. The test assembty was made

of a disk of candidate TSP sandwiched between either two, 0.25 mm thick disks

U of dimethylpolysiloxane (Silastice, Dow Corning Corp., Midland, NI) for tests

involving GD and TGO, or two, 0.13 - thick layers of Durapore* (Millipore

Corp, Bedford, MA) for tests involving VX. The inner disk of TSP was 0.1 mm

thick and 9 mm in diameter, and was held in place by a 0.1 I thick, hardened

steel shim. Receptor fluid flowing through the cell at 0.15 mL/min was
collected in 5 min fractions. The penetration of nerve agent through the TSP

was detected by inhibition of eel acetylcholinesterase (ACHE, 20 U/mL, Sigina

No. C-2629) in the receptor fluid fractions. The end point in these studies

was the time (up to 2 hr) required after dosing to reach 25, 50, and

75 percent inhibition of the AChE relative to a parallel control penetration

cell in which nerve agent was not dosed. The nominal sample size for

Sstatistical contrasts among TSPs was 12 cells per TSP.

a 2.3.2 Phase 1. Initial Efficacy. In Vivo

The .j vil part of Phase I was performed using New Zealand White

rabbits in a percutaneous exposure model with TGD and HO as challenge agents.

The rabbits were anesthetized (5 mg/kg xylazlne and 35 mg/kg ketamine). and

I their dorsa from withers to rump were shaved with electric clippers.

In the Phase I TGO test, a 24-gauge, I mL catheter was inserted into

3 the central artery of each rabbit ear for serial blood collection. A 3.81-cm

diameter pretreatment area was marked on the shaved dorsum with a felt-tip3 pen. TSP was evenly applied at an average rate of 0.01 mL/cm2 (equivalent to

0.1 nam thickness) within the circle. A rubber "0' ring with a 3.81-cm inside

diameter was affixed with cyanoacrylate glue around the pretreatment area.

The rabbits remained undisturbed for I hr before receiving the TGD challenge.

Blood samples were collected from each rabbit b2fore and after the TSP

application. At the end of the 1-hr waiting period, TGD was applied at the
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Jpredetermined LO5 (3.35 mg/kg) to the TSP application area, and blood samples

were collected at 30, 60, and 120 min after dosing. In one of the three

replicate tests, the rabbits were removed from their tie-down boards,

transferred to stainless steel stanchions, and remained in the dosing hood

overnight. A 24-hr post-CSM expusure blood sample was collected from this

replicate group of rabbits. The end point in these studies was erythrocyte

AChE activity expresseo relativw to the pre-TSP application baseline level in

each rabbit (RA values). The nominal sample size, typically reached after

three days of testing, toas 24 rabbits per TSP.

3 On each day of testing, a process control group of eight rabbits was

pretreated with PEG 540 and dosed with 3.35 mg/kg of TGD. If any of the RA

means at 30, 60, or 120 min In these rabbits was outside a critical range,

which was specified as the historical mean plus or minus three standard

deviations, then all data from that test day were excluded from the study.

The baseline absolute AChE activity levels were also subjected to process

quality control, but on an individual animal basis. That is, any rabbit with

a baseline level outside a critical range (the historical mean plus or minus

three standard deviations) was excluded from the study.
3 In th* Phase I HO test, TSP was evenly applied at in average rate of

0.01 ML/c12 to three, 2.5-by-5-cm rectangular areas on one %ide of the shaved

rabbit darsum. Either a second TSP, or PEG 540 was similarly applied at three

sites on the other side. A 1 uL volume of HO was applied to thp center of

each of the six sites and at an untreated control site per rabbit. CSM

applications were made carefully so as to not alter the even spreading of TSP

at the dose site with the dosing apparatus.

The HD test sites were decontaminated in pairs, at 1, 2, and 4 hr

after HO dosing. The objective of sequential decontaminations was to halt the

penetration of HO over a range of exposure periods, thus obtaining a graded

response. Oecortamination consisted of wetting an applicator (a plastic-

backed paper pad wrapped around a tongue depressor) with 3 mL of a 5 percent

sodium hypochlorite (NaOCl) solution, holding it on the dose site for 10 sec,

and turning over the applicator and holding it to the dose site for another 10

sec. Water rinses (3 mi uf distilled water placed on an applicator and held
on the dose site for 10 sec per side) were performed twice at each site after

decontamination. All traces of NaOCl were adequately removed by this method,



J 8

J since there was no evidence of demal irritation at portions of the dose site

peripheral to the area resulting from HO exposure. The untreated control site

jwas decontaminated at 24 hr after dosing. MREF Protocol 58 specified a repeat

decontaminatior at each site, but this was not performed throughout the study.4 However, this protocol deviation had no apparent effect on the lesion area

assessments.
* At 20-24 hr after dosing, each animal was given a 2.0-mL

intramuscular injection, in each thigh, of a 3 percent suspension ef Trypan

blue dye in saline. At approximately 24 hr after dosing, the resulting lesion
3 area was estimated, and a lesion area ratio (LAR) relative to the untreated

control site lesion area for that rabbit was calculated for each pretreated
dose site. The nominal sample size, typically reached over three days of

tvsting, was 24 rabbits per TSP.

On eAch day of testing, the right side of one group of eight rabbits

was pretreated with PEG SO and dosed with HO. If the LAR means for all three

PEG 540-pretreated sites were outside a critical range, i.e., the histovical

mean plus or minus three standard deviations, then all data from that test day
wert excluded from the study. The untreated control site lesion areas were

also subjected to procwss quality control, but on an individual animal basis.

That is, any an'mal with an untreated control site lesion area outside a

critical rangt (the historical mean plus or minus three standard deviations)

was excluded from the study.

2.3.3 Phase 2. Furctional Testing

I The purpose of Phase 2, designated the functional testing phase, was

to determine the relative performance of TSPs against TGO or HO following TSP

m stressing with either water or time of wear. In both the water and time
stress tests, rabbits were prepared as in the Phase I A y.vtv studies,

including clipping, anesthesia, markings, collection of baseline blood samples

(for TGD challenges) and application of TSPs.
j In water stress tests, iSP was applied within each pretreatment

area, and either a 3.81-cm diameter, 5-cm tall plastic cylinder (for TGD

challenges) or a four-sided, 2.5-by-5-cm box (for HD challenges) was placed

around it. Five sequential aliquots of distilled water were dispensed into

4g



the container (cylinder or box), which was held firmly in place for 10 sec.

At the end of each 10-sec period, the container wds lifted up, and the water

] was allowed to flow off the rabbit's back. The total volume of water used at

each pretreatment site was 500 times the volu-i of TSP applied. For TGD

challenges, the test consisted of five, 11-mL aliquots. Fcr HO challenges,

the test consisted of five, 13-mL aliquots. After the final, fifth water

stressiiig, the pretreatment site remained undisturbed for I hr. PEG 540

control sites and untreated control sites were not water-stressed. All other

aspects of the water stress tests were identical to the Phase 1 in vivo tests.

I In time stress tests, TSP applications were made on pretreatment

areas and remained undisturbed for i hr between the last application on a

3 rabbit and the beginning of CSM dosing for that rabbit. All other aspects of

the time stress tests were identical to tte Phase I in vivo tests, including

I end point measurements 4nd qoality control procedures; PEG 540 was not

stressed in any tests of Task 89-03.

I 2.3.4 Phase 3. Adyanced Efficacy

3 The object've of Phase 3, designated the advanced efficacy phase,
was to detem.ie the relatlMe efficacy of each TSP against a broader spectrum

3 of possible challenge agents. Phast I was conructed identically t0 Phase I

ja vioq tests except that either GD or VX was substituted for TGO and HL was

used in place of HD. The challenge doses of GO and VX administered were

1.35 mg/kg and 0.3 39/kg, respectively, equivalent to one and 10 LD5os,

respectively, on unprotected rabbit backs. The dose of HL used was 1.0 AL per

site. Separate historical data bases were established and maintained for both

PEG 540-pretreated sites and untreated control sites dosed with either GD, VX,

j or HL.

S2.4 Statiullicl Analyses

All calculations were performed on a DEC VAX using the Statistical

Analysis System (SAS, Cary, NC).
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1 2.4.1 Phase 1 In Vitro and In Vivo Statistical Procedures

Univariate statistics were tabulated for end point parameters (RAs

for organophosphonate challenge studies, and LARs for HO challenge studies) by

TSP and exposure period. Univariate statistics were tabulated for Scores by

TSP.

For each CSI, TSPs were ranked and compared among all possible

I combinations of TSP pairs. Contrasts were made with the SAS general linear

models procedure (PROC GLN) with Tukey's multiple comparisons option. The

experiment-wise error rate was controlled at 0.05 with a Bonferroni

adjustment. That is, a pair of TSPs was considered statistically different if
the p value was less than 0.05 divided by the number of paired comparisons.

For in yvit tests, times to 25. 50, and 75 percent relative AChE

inhibition in receptor fluid were submitted for statistical analysis. In

addition, the means or *Scores* for times across those three inhibition levels

fo- a given test cell were also analyzed.

I For tests involving an organophosphonate challenge. RAs at 30, 60,
and 120 min after dosing were submitted for statistical analysis. InI addition, the means or *Scores* for RAs averaged across those three blood

sample times for a given animal were also analyzed.

Fcr tests involving HO challenges, lesion area ratios (LARs)

coutined at 1, 2, and 4 hr after dosing were submitted for statistical

analysis. The means or 'Scores* for LARs averaged across those three exposure

times for a given animal were also statistically analyzed.

For tests involving an organophosphonate challenge, paired t tests

I between baseline (65 min before dosing) and pre-dose (S msn before dosing) RAs

were calculated to detect any significant (p ( 0.05, two-sided) effect of

w wearing each TSP for I hr. Also, paired t tests between 120-min and 24-hr RAs

were calculated to detect any significant (p < 0.05, two-sided) recovery in

AChE activity or delayed penetration of CSM. The litter paired t test was
limited to eight-rabbit replicates held overnight from each of the three

replicates conducted for each TSP test.

I
i

- 1
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2.4.2 Phase 2 Statistical Procedurep

Univa,'iate statistics were tabulated for end point parameters (Us

for TGO challenge studies and LARs for HD challenge studies) by phase, TSP,

and exposure period.

For both T1O and HO challenge studies, the effect of either water or

time stressing of TSPs was assessed by contrasting end point results (RAs or

LARs) from Phase 2 with those from Phase 1. Student's two-sided t test was

used at the 5 percent level. For HO studies, LARs determined after 1- and

2-hr exposures were contrasted (the Phase 1, 4-hir LAR data were not used).

For TGD studies, RAs determined at all blood samples 1-65, -5, 30, 60, and

120 min, and 24 hr) were contrasted. Contrasts were not made between water-

stressed results and time-stressed results.

2.4.3 Phase 3 Statistical P !=u

Tht saNe analytical procedures detailed for Phase 1 I. i data

from studies using TGO and HO challenges were employed for Phase 3 studies

using GD, VX. and HL challenges.

3.1 Phase 1. Initial Efficacy In Vitro

All work accomplished under Phase I is presented in a letter report

dated 11 August 1990 and attached as Appendix B, "Letter Report on Phase 1,

Initial Efficacy Tbsting." At the time of the report, ISPs were referred to

as candidate topical protectants (CTPs). Both acronyms refer to candidate

materiel that may be applied to skin before topical exposure to CSM, and

either retard or prevent CSM penetration into skin. In later studies,

however, TSP became the preferred acronym for these materiel. Page number

references to data in appended reports appear on the bottom center of the

referenced pages.

Of the 14 TSPs testpd against GD penetration in the in j flow

cell portion of Phase 1, four TSPs (ICD Nos. 1689, 1463, 1511, and 1691) were
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statistically (p < 0.05, Tukey's multiple comparisons test) better than

PEG 540, nine TSPs (ICD Nos. 1465, 1469, 1467, 1692, 1466, 1690, 1621, 1536,
and 1509) were statistically indistinguishable from PEG 540, and one TSP (ICD
No. 1623) was worse than PEG S40 (see page 8-5).

Against a TGO challenge, four TSPs (ICO Nos. 146v., 1467, 1469, and

1463) were statistically tetter than PEG 540, eight TSPs (ICD Nos. 1511, 1466,

1691, 1623, 1621, 1536, 1509, and 1692) were itatistically indistinguishable

f-om PEG 540, and two TSPs (ICD Nos. 1690 and 1689) were worse than PEG 540

(see page B-7). Notably, the best TSP against GO, ICO No. 1690, was olso the

worst TSP against TGO.

Against a VX challenge, seven TSPs (ICD Nos. 1463, 1465, 1466, 1469,

1311, 168. and 1591) were statistically better than PEG 540, and seven TSPs

(ICD Nos. 1600, 1692, 1467, 1536, 1509, 1623, and 1621) were statistically

indisting'iishable fro-. PEG 540. None of t0e TSPs tested was worse than

PEG 540 against a VX challenge (se4 page B-9.

Only three TSPs (ICD Nos. 1463, 1465, and 1511) consistently ranked

in the top five against all three organ.phosphonat? agents used in the Phase I

J.0 _2L2 tests.

)2,?.a-ýLL AII Efficacy In ViL

Of the 14 TSPs tested against TGO in the jp j portion of Phase 1,
five TSPs (!CD No,. 1469, 1511, 1465, 1466, and 1o*?) were statistically

better than PEG 540, four TSPs (ICO Nos. 1689, 1467, 1690, ard 1691) were

statistically inlistinguishable from PEG 540, and five TSPs (ICD Nos. 1536,

1621, 1463, 1509, and 1623) were worse than PEG 540 (see page 8-16). There

were no significant (p > 0.05, two-sided) effects on RAs of wearing any TSP

for 1 hr (see page B-17). There were significant (p < 0.05, two-sided)

increases in RAs from 120 mil to 24 hr after dosing for eight rabbits

pretreated with ICD Nos, 1691 and 1689. Significant (p < 0.05, two-sided)

decreases in RAs, indicating possible delayed penetration or retention, from

120 min to 24 hr after dosing were observed for the eight-rabbit replicates

pretreated with lCD Nos. 1466 and 1467 (see page B-18). Correlation of in

j.tr and t.q yjiy2 results against TOO challenges are presented in Section 3.5
of this report.



Acainst in HD challenge, 11 TSPs (ICD Nos. 1465, 1689, 1469, 1511,

1691, 1466, 1536, 1467, 1463, 1690, anc 1692) were statistically better than

PEG 540, one TSP (ICD No. 1621) -as equivalent to PEG 540, and two TSPs (ICD

Nos. 1509 and 1623) were worse '.han PEG 540 (see page 8-26).

Only three TSPs (ICD Nos. 1465, .469, and 1511) consistently ranked

in the top five against both challenge agents used in the Phase I in vivq

tests. In all Phase I in vitro an4 ;n lia test rankings, only two TSPs (LCD

Nos. 1465 and 1511) consistently ranked in the top five.

3.3 Phase 2. Functional Testing

All work accomplished inder Phase 2 Is presented in a letter report

dated 9 January 1991, and attached as Appendix C, "Letter Report on Phase 2,

Functional Testing." That letter report compares results of stressing

selected TSPs with either water or time of wear in ?hase 2 with results uf the

same, unstressed TSPs from Phase 1. Initially, five TSFs (lCD Nos. 1465,

1466, 1469, 1511, and 1536) were recommended by USAMRICO investigators for

Phase 2 testing based on their respective Phase 1 performance. However, the

USAMRDC directive to limit Phase 2 testing to ICD Nos. 1465, 1511, and 1536

was issued after testing of all five TSPs hAd cotemenced at tht MREF. Thus,

water stress testing was nearly completed for all five TSPs, but time ttress

testing was completed for the three TSPs specified by USAMRICD.

See page C-5 for a summary of functional testing against an HO

challenge. The effect of increasing the TSP wear time from I hr to 4 hr when

challenged by HO was significantly (p < 0.05, two-sided) aetrimental to ICD

No. 1536. ICD Nos. 1465 and 1511 were not significantly affected. The effect

nf water stressing the TSP before HO application was also significantly

detrimental to ICO No. 1536. ICD Nos. 1465 and 1469 were unaffected by water,

but the efficacies of ICD Nos. 1466 and 1511 against HO were statistically

(but probably not oiologically' significantly improved by water stressing.

See pages C-9 and C-10 for a summary of functional testing against a

TGD challenge. ICD No. 1536 efficacy against TGO was enhanced by time

stressing as indicated t, blood samples taken within 1 hr after dosing. Time

stressing ICO No. 1465 was somewhat detrimental, but ICO No. 1511 was

unaffected. Water stressing was somewhat detrimental to ICD No. 1465 but

__ lIN N -N lmi n m l • -J
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screwhat beneficial to ICD Nos. 1466 and 1469. In particular, water stressing

ICD No. 1466 apparently prevented a 4-to-24-hr decrease in AChE RAs in eight

rabbits tested. The lack of consistent significance across blood sample times

for these effects should lead the reader to view such isolated significance

with some skepticism. ICD Nos. 151i and 1536 were unaffected by water.

In summary, the efficacy of ICD No. 1536 was adversely affected by

tine and water stressing against a HD challenge, but was apparently enhanced

by time stressing against a TGD challenge. Data indicated other, isolated,

statistic3lly significant effects relateu to TSP stressing that were probably

not biologicilly significant, however.

3,4 Phzse 3. Advanced Efficacy

All work accomplished under Phase 3 is presented in a letter report

dated 24 June 1991, and attached as Appendix D, 'Letter Report on Phase 3,

Advanced Efficacy Testing."
Against a GO challenge, ICD Nos. 1511 and 1465 were significantly

(p < 0.05, Tukey's multiple comparisons test) better than PEG 540, and ICD No.

i536 was indistinquishable from PEG 540 (see page 0-10). There were no

significant (p > 0.05, two-sided) effects on RAs of wearing any TSP for I hr

(see paqe D-11). There were significant (p < 0.05, two-sided) increases in

RAs from 120 min to 24 hr after dosing for six rabbits pretreated with ICD

No. 1511 (see page 0-12).
Against a VX challenge, ICD Nos. 1511 and 1536 were significantly

better than PEG 540, and ICD No. 1465 was indistinguishable from PEG 540 (see

page D-18). There were no significant effects 3n RAs of wearing any TSP for

I hr (see page 0-19). There was a significant decrease in RAs, indicating

delayed penetration, from 120 min to 24 hr after dosing for seven rabbits

pretreated with ICD No. 1536 (see page D-20).

Against HL challenge, ICD Nos. 1511 and 1465 were significmntly

better than PEG 540, and ICD No. 1536 was indistinguishable from PEG 540 (see

page D-26).
Notably, ICC No. 1511 protected better than the other TSPs tested

against penetration by all three agents used in Phase 3.
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3.5 Correlations of TSP Performance by In Vitro Versus In Vivo Tests

Figures 1, 2, and 3 are correlation plots of TSP efficacy against

organophosphonate penetration by the in vitr end point (y axis) versus the

in vivo end point (x axis) for TGD, GD, and VX, respectively. On each plot,
TSPs with index symbols at the top were highly efficacious against agent

penetration and delayed for up to 2 hr the inhibition of efl AChE in receptor

fluid in the penetration cell. TSPs with index symbols toward the right side

of each figure were highly efficacious against agent penetration and protected
rabbits from RBC AChE inhibition relatively well. Thus, a good positive

correlation between ja vitro and in ijo methods would be implied by an

arrangement of index symbols in a straight line with a positive slope. A
significantly (p < 0.05) positive correlation would imply that the i yj L
method was a reliable predictor of testing the TSPs in. vivo.

In Figure 1, the index symbols appear in three categories. Most of
the TSPs (indexed by I, 8, A, J, M, K, 0, and H) form a straight, narrow band
with a positive slope. ISPs indexed by G, E, C, and F ire all fluorinated
greases from DuPont and performed much better in the i!I vi-,g model thin on
the rabbit backs. The t'ird group (indexed by Z1, L, and 4) were all
fluorochemicals from 3M Corporation and were the three worst TSPs against TGD

in the in yjiro model. For unknown reasons, they performed better than

expected against TGD in the in vivo model. The correlation coefficient (R)
for all 15 points was 0.4388 and was nearly significant at the 10 percent
level (p - 0.1018). Apparently, the protective efficacies of some TSPs are

strongly influenced by factors, e.g., TSP/skin interaction and skin surface
temperature and moisture, not present in the in v penetration models using
Silastic or other synthetic, non-biologic membranes. We propose, therefore,
that substituting skin or living skin equivalent for the lower layer of
synthetic membrane in the iny= model may greatly improve the correlation
between the ta j= and in vivo test results.

In Figure 2, the index symbols indicate a good positive correlation
(R - 0.9488, p - 0.0512) between performance results from the in it and

in vivo models for TSP efficacy against GD. Although the data on hand
indicate a statistical relationship, more TSPs would have to be tested before
the in vitro model can be said to be prcdictive of in vivo results. That is,
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more points are needed to confirm the association between model results for GO

challenqe. Notably in Figure 2, ICD No. 1465 (index symbol "C") was not

superior to ICO No. 1511 (index symbol "H") as in the TGO ja I"v model, but

fell in line with the other TSPs.

No association between test models was evident for VX, as shown in

Figure 3 (R - 0.0137, p - 0.9863). Notably, ICO No. 1465 (index symbol "C")

performed far better in the in vLiro model than on rabbit backs. We have no

explanation for why this material performed worse in Jjyvv than what vas

predicted by the J. vit results. ICD No. 1465 may form a relatively

impervious film when rubbed on rabbit epidermis that cannot be duplicated by
applying it on Ourapore membrane. Again, the paucity of data on hand preclude

3 the making of any strong conclusions regarding the lack of association between

the two models.

I 3.6 SDecial Reports

During the course of deployment of U.S. troops in Operations Desert
Shield and Desert Storm, the MREF was tasked by USAMRICD and USAMRCC to
perform five special studies, using in I Phase I miethods, to deter".ine the
efficacy of several different manufacturer's lots of ICD No. 1536 (hereafter3 referred to as Multishieldfl against a topical HO threat. The thrust of these

studies was to demonstrate the efficacy of MultishieldO against HO and obtain
FDA approval for immediate fielding in the Middle East. Letter reports on

these special studies were sent to USAMRDC in rapid succession in January and

February 1991, and are included with this report as Appendices 0, E, F, G,

and H.
The original lot of Multishield*, Lot 5256, was shown in Phase I in

IJU work to be statistically superior to PEG 540 against HO, with mean Scores

of 0.188 and 0.509, respectively. The objective of the firLs special study
was to determine whether a second manufacturer's lot of Multishield*, Lot

IIJAN91BH, was more efficacious than PEG 540 against HO. Assessment of the
second lot (mean Score a 0.530) showed it to be statistically (p > 0.05, two-
sided) indistinguishable from PEG 540 (mean Score - 0.509, current and
historical data combined). Obviously, there was a substantial difference
between the efficacies of the two lots of Multishields, attributable to either
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3formulation, preparation/packaging methods, or age-related factors. An

examination of historical PEG 540 data indicated no evidence of drift in the

Stest model between the periods of testing the two Multishield* lots. These

results are reported in Appendix E, entitled, "The Efficacy of Lot IIJAN91BH

of the Topical Skin Protectant, ICO No. 1536, Against a Sulfur Mustard

Challenge."

The objective of the secon specie? study was to compare Lot
1IJAN91BH of Multishielde against no pretreatment to demonstrate its absolute
efficacy at non-standard expo:ure times, i.e., 5, 30, and 60 min.

Contralaterally paired (by rabbit) t tests of LARs demonstrated significant

(p < 0.05, two-sided) efficacy at 5 and 30 min, but not at CO min after dosing

3 HO. The paired difference between mean Scores (0.250 for MultishieldO, Lot

11JAN91BH, and 0.377 for no pretreatment) was significant, thus damonstrating

m absolute protective efficacy across that range of exposure periods. These

results are reported in Appendix F, entitled "The Efficacy of Lot 11JAN91BH of

the Topical Skin Protectant, ICD No. 1536, Relative to No Protectant, Against

a Sulfur Mustard Challenge."

In the J.rJ special study, a thlrd lot of Multishieldo, LotI 17JN9918, was tested zgainst no pretreatment, to demcnstrate absolute

efficacy, and against PEG 540, to demnstrate relative afficacy, StandArd

protocol exposure times of 1, 2, and 4 hr were used. PEG 540 data included

historical as well as current tARs and Scores. The tests indicated no

absolute efficacy (p > 0.05) for Lot 17JAN91B and relative efficacy at 4 hr

only. Mean Scores indicated no differences among Lot 17JAN91B, PEG 540, and

no pretreatment. In short, there was no protection afforded against HD by

wearing either Lot 17JAN9I1 or PEG 540. These results are reported in
Appendix G, entitled 'The Efficacy of Lot 17JAN91BH of the Topical Skin

Protectant, ICD No. 1536, Against a Sulfur Mustard Challenge."

Results of the first three special studies indicated a dramatic

* difference between Lot 5256 and later lots of MultishieldO. This generated

speculation that the difference was due to a drift in the MREF Task 89-03

a in a test model since the original testing of Multishield* Lot 5256 in
February, March, and April 1990. An inspection of PEG 540 historical control

data revealed no apparent drifts in the model. The fourth special study was
performed to ascertain whether the efficacy of Multishield Lot 5256 could be
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Sredemonstrated. Contrasts between the original and current test data for Lot

5256, PEG 540, and no pretreatment indicated this ranking in order of

I)decreasing efficacy against HD:

3 Original Test, Lot 5256 - Current Test, Lot 5256 > PEG 540 > no pretreatment

This ranking was true for mean LARs at 1-, 2-, and 4-hr exposures and for mean

Scores. Thus, the efficacy of Multishield* Lot 5256 was confirmed as

unchanged and statistically (p < 0.05) superior to PEG 540. Apparently, the

loss of efficacy in later lots of Multishields was not due to a change in the

test model, but rather to formulation, preparation/packaging methods, or age-

related factors. These results are reported in Appendix H, entitled "The

Efficacy of Lot 5256 of the Topical Skin Protectant, ICD No. 1536, Against a

Sulfur Mustard Challenge.*

The objective of the f=fh and lest special study in Task 89-03 was

to compare a fourth lot of MultishieldO, Lot 03JAN91AH, to Lots 5256 and

IIJAN9IBH, and to PEG 540. Multiple comparisons were made between data

obtained for these lots from previous special studies and current results to

test for inter-study consistency. Comparisons were also made among data f'c

the current study only. Inter-study contrasts for Lot 525t indicated no

significant (p > 0.05) differences, but Lot 1IJAh9IBH apparently improved

(mean Score - 0.266) relative to its previous testing one month earlier in

mid-January 1991 (mean Score a 0.530). This may be due to an aging effect.

Comparisons among data from the fifth special study only indicated no

distinction between Lots 03JAN91AH and 5256 for LARs at all exposure periods

and for the mean Scores. Both were better than Lot IIJAN9IBH at 1- and 2-hr
exposures and for mean Scores, in spite of its possible age-related

improvements. All three lots of Multishield* were statistically the same at

the 4-hr exposure and were better than PEG 540 in all comparisons. These

results are reported In Appendix I, entitled *The Efficacy of Lots 5256,

IIJAN91BH, and 03JAN91AH of the Topical Skin Protectant, ICD No. 1536, Against

3 a Sulfur Mustard Challenge."

U
I



I 22

J 4,.0 CONCLUSIONJ

]Methods described in MREF Protocol 58 were used to screen 14 topical

skin protectants (TSPs) in multiple-phase testing against a variety of

.," organophosphonate and vesicant CSM. Stringent process quality control methods

were employed to guarantee consistency in each of the test models across time.

Of t0e 14 TSPs tested in Phase I Against GO, TGO, and VX in an in vitro TSP

penetration model and against TGD and HO on rabbit backs, five TSPs were
identified as offering significantly improved protection relative to PEG 540.

At the direction of USAMROC, only three TSPs were fully tested in the

functional efficacy and advanced efficacy phases. These were identified as3 ICD No. 1465 (Krytox fluorinated g'ease from Dupont), NCO No. 1511 (Fomblin

perfluorinated grease from Montefluos Grapp Ausimont), and ICD No. 1536
m (Multishield from Interpro, Inc). A sumary of test results from all phases

is presented in Table 3.
Plots, of TSP performance in an ja X penetration cell model used

in Phase I with the performance of TSPs apolio on rAbbit backs, indicated
good correlation between the methods for GO and TGO challenges. Substitution

of natural skin or living skin equivalent foe the Icver layer of synthetic
membrane in the L yitr= modal s•y.provlde tno intqractlons needed for TSPs to3 perfor-* against CSM challenges as they would on rabit backs. More work Is

needed in this Arta to develop an accurate, inexponsive alternative to h.ivo

m testing. In addition, the in I model should bs adapted for detecting the

penetration of HD through candidate TSPs by substituting a suitable enzyme for

eel AChE in the receptor fluid.

Testing related to rapid fielding of a suitable TSP for Operations
Desert Shield and Desert Storm indicated ICD No. 1536 to be a somewhat

unpredictable formulation. The original lot, 5256, was efficacious against
HO. However a second lot, IIJAN(9II, exhibited absolute efficacy at 5- and

I 30-mm HO exposures, but not at a 60-mm exposure and was not better than

PEG 540. A third lot, 17JAN91, exhibited no efficacy, probably due to

m manufacturing and/or packaging variables (e.g., formulation temperature). A

retest of Lot 5256 revalidated the MREF test model and re-established the

efficacy of that lot of ICD No. 1536. Approximately one month after the first

testing of Lot IIJAN91BH, a retest indicated significant improvement due to* U
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material aging. A fuurth lot, O3JAN91BH, was shown to be as efficacious as
Lot 5256. This was a good indication that packaging and age of ;he product
had a lot to do with its efficacy. Such instability and temperature-related
efficacy were deemed undesirable for a TSP to be fielded in a desert climate.I

I
I
I

SI

I
I

I

I
I
I
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5.0 RECORD ARCHIVES

Records pertaining to the conduct of Task 89-03 are contained in
Battelle laboratory record books and are archived at the MREF. These are
shown in the following table by task phase to facilitate referencing.

TABLE 4. BATTELLE LABORATORY RECORD BOOKS USED IN MREF TASK 89-03

Phase 1. Initial Efficacy Phase 2 has3_I
Special

S In Vivo Functional Testing Advanced Efficacy Studies
187 183 201 216 220
189 185 202 217 222
190 186 213
192 188 214
194 215
197
200
203
205

All original data, as well as the original final report, will De maintained at
the MREF until forwarded to USAMROC at the conclusion of the project.
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MREF Protocol 53
Medical Research and
Evaluation Facility

January 15, 1990
Page 1

Evaluation of New Candidate Topical Protectants Using In Vitro
and In Vivo Models to Determine Their Relative EffectT'eness

Against Thickened GO, GD, VX, HO and HO/L

Study performed by Battelle Memorial Institute
505 King Avenue

Columbus, Ohio 43201

1. MREF Manager: Garrett S. Dill, O.V.M.

2. Study Director: Cavid W. Hobson, Ph.D.

3. Study Veterinarian: Peter L. Jepsen, D.V.M.

4. 122=!:, U.S. Army Medical Research and Development Command

5. COR: MAJ James R. Stewart, USAMRICD

6. Objective: To determine, using both in vitro and in vivo test procedures,
the relative effectiveness of new canaTdat-etopical-pFFctants in
minimizing or preventing the toxic effects of several chceical surety
materiels (CSKs) following topical exposure.

7. Lkerip_"tal Design: The complete testing of eacS new candidate topical
prote-tant (CTOT-invorv's performance of several test procedures conducted
in three phases, (1) initial efficacy, (2) functional testing, and (3)
advanced efficacy. Suarized datasets for tests performed under-each
phase are provided to the sponsor at the completion of each phase and are
used for selection of candidates to be tested in the next sequential
phase. The CSIfs to oe used in these tests include GO, thickened GO (TGO),
VX, HD, ai.d HD'/L. Specific guidance for the handling, storage and testing
of each CTP is provided by the sponsor for each compound submitted. A
diagram showing the relationship between each of the phases and data
reporting scheme for the evaluation of CTPs is provided in attachment A.

The initial efficacy phase is conducted in two parts, (a) an in vitro
part, and (b) an in vivo part. The in vitro part is composed of-
penetration tests witT VX, GO and T."whF'icrhare performed ar described in
MREF SOPs 8g-61 and 89-65. The in viva part is performed using New
.ealand White rabbits as the percutaneous exposure model and with TGD and

HO as challenge agents. The purrose of this phase is to ditermine where a
given CTP is to be ranked for initial efficacy relative to other CTPs
using HO or TGO as challenge agents. HO and TGD were seltcted for use in
these tests because both presont substantial cutaneous hazards and
represent the two broad classes of chemical agents (i.e., vesicants and

A,!
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Evaluation Facility
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Page 2

ner e agents) for which topical protectants should be efficacious unless
oth':rwise specified, a proprietary mixture of polyethylene glycols with
ave, age molecular weight of 540 (PEG 540) is used as a topical protectant
control in all testing.

The functional testing phase is designed to determine the relative
performance of CTPs anainst a challenge of either TGD or HO following
stressing with either water or time of wear. PEG 540 is used as the
cortrol topical protectant for each test.

The advanced efficacy phase is conducted using GO, VX and HD/L as
challenge agents. The test procedures used are identical to tiiose used in
the initial efficacy phase. The purpose of this phase is to deter. ine the
relative efficacy of each CTP against a broader spectrum of possible
challenge agents. PEG 540 is also used to control each test.

As mentioned above, the procedures used to conduct the in vitro
penetration tests required in the initial efficacy phase are given in MREF
SOPs 8g-61 and 89-65. The endpoint used to measure CTP efficacy for each
nerve agent certified surety materiel (CSM) is inhibition of erythrocyte
acetylcholinesterase activity (ACHE), and the endpoint used for vesicant
CSM challenges is dermal lesion area. Although in most cases, it is
anticipated that both in vitro and in vivo test results will be submitted
to the sponsor followiF cX-"Wppetion TfCse one testing, in vitro test
results may be used, at the sponsor's discretion, to ili iati s found
during in vitro testing to be particularly unsatisfactory from further in
vivo tesin-g'.Oetails describing the conduct of the specific in vivo tst
within each phase of the evaluation are provided below.

A. In vivo Test System

Albino rabbits were chosen for use in the in vivo portion of this
study on the basis of the existing histori~al~ata base for this
species, experience of the MREF staff in their care and handling, and
because the rabbit provides an application area for CTPs which is
suitable for challenges with neat CSM.

(1) Afiimals - Specific pathogen free (SPF) New Zealand White (albino)
male rabbits, 8 per replicate group, three replicate groups per
control or CTP per test.
Suppliers: Mohican Valley Rabbitry or Hazelton Laboratory
Animals.

(2) Initial Weight - 2.0 to 4.0 kilograms.

(3) Quarantine - Rabbits are held in isolation and observed for
clinical illness for at least 7 days prior to study initiation.
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Quarantine may be performed at Battelle's King Avenue animal
facility or at the MREF.

(4) Acclimation - All animals are held at the MREF at least 24 hr
prior to study initiation.

(5) Selection - Animals selected after a minimum 7-day quarantine
period are in good physical condition. Rabbits are then selected
for study on the basis of proper weight and hair growth cycle
stage. Selected rabbits are randomly assigned to weight-
homogenized treatment groups for use on study.

(5) Animal Identification - Ear tag or tattoo; positive
identification is required for each animal upon admission to
quarantine. Cage cards, at a minimum, give animal number, sex,
supplier and date of receipt for each rabbit.

(7) Housing - Animals are housed individually in stainless steel,
slotted cages equipped with automatic watering systems.

(8) Lighting - Fluorescent lighting, light/dark cycle is 12 hr each

per day.

(9) Temlperature - Maintained at 21C (i 3C).

(10) Humidity - Maint,'ined at 50 percent (1 10 percent).

(11) Diet - Purina Certified Rabbit Chow pellets are available at all
times. No contaminants are known to be present in the feed which
would interfere or affect the results of the study.

(12) Water Supply - Water is supplied from the public water system and
given ad libitum. No contaminants are known to be present in the
water WiEw-Td affect the results of the study.

(13) Laboratory Animal Welfare Practices - Battelle's Animal Resourc.s
Facilities have been registered with the U.S. Department of
Agriculture (USDA) as a rEsearch Facility (Number 31-21) since
August 14, 1967, and are periodically inspected in accordance
with the provisions of the Federal Animal Welfare Act. In
addition, animals for use in research are obtained only from
laboratory animal suppliers duly licensed by the USDA.
Battelle's statement of assurance regarding the Department of
Health and Human Services policy on humane care of laboratory
animals was accepted by the Office of Protection from Research
Risks, National Institutes of Health, on August 27, 1973.
Animals at Battelle are cared for in accordance with the
guidelines set forth in thie "Guide for the Care and Use of
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Laboratory AnimalsO (DHHS Publication NO (NIH) 85-23) and/or in
the regulations and standards are promulgated by the Agricultural
Research Service, USDA, pursuant to the Laboratory Animals
Welfare Act of August 24, 1966 as amended (P.L. c)-544 and P.L.
91-579).

(14) Accreditation - On January 31, 1978, Battelle Memorial Institute
received full accreditation of its animal-care program and
facilities from the American Association for Accreditation of
Laboratory Animal Care (AAALAC). Battelle's full accreditation
status has been renewed after every inspection since the original
accreditation. The MREF is a part of the Facilities granted full
accreditation.

(15) Animal Care Ouring Test - All animals are held in the MREF hood
system on tie-down boards from the time of CSM dosing until
decontamination up to 4 hr later. If required by the test,
survivors are removed from the tie-down boards and are placed in
stainless steel stanchions in the hood for up to 24 hr after CSM
application. Upon completion of the study, all surviving rabbits
are euthanized by intravenous injection of T-61 euthanasia
solution and are disposed of by incineration after proof-of-
decontamination (POO).

B. Test Groups

(1) Size - Each of the in vivo screening tests is performed using
replicate groups of 'imals per CTP or control material. Group
matching is based on homogenous group weight and sex.

(2) Mumber - One replicate group of animals is used per control or
CTP on each day of dosing, with a data collection rate of one
satisfactory (as defined in Section K for each test type) dataset
per day per material over three days of testing being required to
complete each screening tert (minimum, N-24 animals per CTP or
control per test).

C. Test Materi'als

(1) Control material. PEG 540 obtained frcm Union Carbide
Corporation is used as the control material in all CTP tests.
Alternative control materials may be substituted for PEG 540 upon
request by the Sponsor.

(2) CTPs are supplied by the sponsor. It is also the responsibility
of the sponsor to ensure that appropriate identification (batch
number, lot number, physical state, etc.), expiration date (if
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"available), safety and storage data are supplied for each CTP
received by the MREF.

(3) GO, TGD, VX, SO and L are supplied by the USAMRDC. Purity,
appropriate identification (batch number, lot number, state), and
stability data are supplied by the USAMROC. Purity and stability
are confirmed periodically by Battelle. HD/L is prepared ate
MREF for test use according to the procedures described in MREF
SOP 88-38.

(4) Surety, security, and safety proceduees for the use of each CSM
are thoroughly outlined in facility plans, in personnel
requirements for qualifications to work with agents, and in agent
storage and use standard operating pricedures. Specific
procedures have been included in this document to ensure the3 safety of the personnel conducting this experiment.

C. Preparation of Animals for Testing

3 (1) Removal of Hair Coat - Rabbits acclimated in approved cages at
the MREF for at least one day have their dorsal hair coat closely
clipped from withers to rump with care to avoid skin damage using
An Oster Model A-Z animal clipper with Number 40 blade, or
equivalent, at lea-t 24 hr prior to intended use.

(2) Anesthesia - Rabbits are given 5.0 mg/kg (20 mg/ml) xylazine and
35.0 mg/kg (100 mg/ml) ketamine by intramuscular injection prior
to the marking of test sites and CTý application. The time of
administration is recorded. Rabbits are then placed in prone
position on holding boards, each leg being taped with 1-inch wide
cloth tape to prevent movemLnt. In tests where CSM dosing is to
occur more than 2 hr after the marking of test sites and topical
protectant application, the animals are taken off the tie-down
boards after application of the topical protectant, are fitted
with an Elizabethan collar and are placed back in a stainless
steel cage to recover. Re-administration of anesthesia to these
animals, followed by collar removal and the placement of each
rabbit on a tie-own board is initiated approximately 30 min
prior to CSM dosing. Full anesthetic boosters of the same dose
are administered after initial anesthesia used for restraint
prior to CSM dosing or as needed during each test.

(3) Marking Test Sites - Prior to marking test sites, rabbits are
reclipped, if necessary, to prevent shielding of exposure sites
by hair stubble. Each rabbit is then marked with a felt-tip pen
to outline each exposure site. The marking of nerve agent
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exposure sites and preparation for dosing differs from that of

vesicant exposure sites as follows:

(a) Nerve Agent CSM Exposure Sites - Each animal is anesthetized
and secured to a tie-down board as described in Section

1 3 7. C (2). A 24-gauge, I mL catheter is inserted into the
central artery of each ear of the rabbit for serial blood
collection. After insertion the catheter is taped or glued

t in place and is filled with heparinized saline. The dorsum
of each rabbit to receive CSM with or without barrier is
marked, using a felt-tip pen, with a circle to mark the test
site. The circle is 3.81 cm in diameter if a rubber '0"
ring is to be applied to contain the dose (non-occlusive
exposure), or 2.7 cm in diameter if a domed silicone rubber
chamber is applied (occlusive or semi-occlusive exposures).

4 If not specified, the default procedure is to use the rubber
""00 ring.

(b) Vesicant CSM Exposure Sites - After each animal is
anesthetized and secured to a tie-down board as described in
Section 7. C (2), an application/dosing site grid as shown
below is applied to the dorsum of each animal with a felt-
tipped pen. Each site within the 9rid ieasures 5 ca from
the midline by 2.5 cm wide. Care is taken to assure that
the inside measuremets of each dose site meet the rýeuired
2.5 cm 5 cm dimensions.
Anterior Posterior

A C E G Right

3 Midline - . ..

3 0 F Left

3 0. Application of Topical Protectants

(1) Nerve Agent Exposure Sites -

(a) An aliquot, calculated to provide a uniform application
depth of the control or candidate topical protectant is
applied to the test site using a 1 mL disposable syringe (no
needle). The standard. uniform application depth is 0.1 mm
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J (application rate • 0.01 ml/cm2), but other application
depths may be used depending on the requirements of the
study. The volume of topical protectant required to produce
an estimated application depth of 0.1 nvn if the "0" ring
procedure is used is 0.11 m). If the domed silicone rubber
chamber is used, the volume corresponding with a 0.1 mm
application oepth is 0.06 a].

(b) A stainless steel spatula or glass rod is used to spread the
material evenly about the exposure area. Care is taken such
that little, if any, of the material from the exposure area
is removed during the application process. Spreading is
performed both with and against the direction of hair
stubble growth. The time of application is recorded upon
completion of spreading.

(c) A 3.5-cm inside diameter 0 ring or 3.3-cm outside diameter
domed silastic chamber with an open top (dependent on the
test site selection in Section 7.C.(3) is centered over the
test site, and cemented onto the skin by applying a bead of
cyanoacrylate adhesive around the surface of the ring or
chamber in skin contact. If a completely occlusive
application is required, a closed-top silastic chamber is
cemented over the test site after nerve agent application in
an apprved CM4 hood.

(d) Each topical protectant uiaterial is allowed to remain on the
exposure area at least 1-hr before CSM application, unless
otherwise specified by the test.

I (2) Vesicant Agen4 Exposure Sites -

*(a) Topical protectants are applied to sites A-F on the dorsum
of each rabbit. Two topical protectants may be tested per
rabbit, one applied to sites A,C and E and the other applied
to sites B,D and F. Site G receives no application and
serves as a non-protected control site.

(b) Each CTP is applied to eight rabbits per day of testing. The
control topical protectant is also applied to eight rabbits
per test day. A maximum of 24 rabbits (I control topical
protectant and S CTPs) may be exposed per test day.

(c# Each topical protectant material, control or CTP, is applied
at a calculated uniform depth of 0.1 mm (application rate •
0.01 mlI/cm2) to standardize application conditions. A 1-mL
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disposable syringe (no needle) is used to deliver 0.13 mL of
the topical protectant to each 2.5 cm x 5 cm exposure area.
The application depth may vary, depending on the test
requirements.

(d) A spatula is used to uniformly spread each topical
protectant material about the exposure area, up to the grid
marks on each side of the exposure area, to obtain a smooth
and even coating. Care is taken to minimize any loss of
material from the exposure area. The time of application is
recorded.

(e) A space is maintained between each of the contiguous
exposure areas, the width of the marker pen, where there is
no protective coating applied. This boundary helps to
maintain exposure site integrity throughout the study.

(f) Each topical protectant material is allowed to remain on the
exposure area at least I hr before CSN application. Longer
time periods may be specified by the specific test
requirements.

3 E. Endpoint Measurement Procedures

(i) Nerve Agent Assays - The endpoint used to quantify topical
protectant effectiveness is percent AChE inhibition relative to
pre-exposure baseline values over a test-specified time period.
Packed erythrocyte AChE activities are determined as described in
MREF SOP-88-49 from heparinized blood samples of approximately
1.0 ml. Basically, the procedure uses an autoanalyzer with a
photometer to quantitate the timed production of colored
enzymatic reaction product (5-thio-2-nitrobenzoic acid) resulting
from reactions of substrate and other test i agents with AChE in
the sample. Control of the assay is achieved by simultaneous
analysis of AChE samples of known activity.

m Because packed erythrocyte AChE measurements are occasionally
subject to error due to sample hemolysis, criteria for sample
acceptability must be used in order to identify and contrul this
source of error. Until su: ýle procedures to detect sample
hemolysis are established, selective procedures for the
reanalysis of suspect samp s are to be followed to determine the
acceptability of AChE values for each sample. If indicated,
reanalysis of a sample is conducted by repeating each of the
steps involved in sample preparation and analysis as described in
MREF SOP 88-49. Due to sample stability considerations, each
samples must be analyzed, or reanalyzed, within 24 hr of its
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Jcollection time. As indicated in MREF SOP-88-46, samples are to
be stored on ice or refrigerated prior to analysis. Values from
samples found to be unacceptable upon reanalysis are eliminated
from all subsequent computations involving the dataset.

(a) Baseline Samples - The acceptability of individual baseline
sample values is determined using historical rabbit baseline
sample values (expressed in Units/mi packed erythrocytes)
as a guide. All baseline samples with AChE values outside ±
3 standard deviation units from the historical mean are
reanalyzed. The new value is then used a; the baseline
value if, upon reanalysis, the new value falls within the
limits of acceptability. If the reanaly~is value falls
outside the limits of acceptability, theii >'ie baseline value
for the animal is suspect and all subsequ'n, data obtained
from that animal are also suspect and are not used in
topical protectant efficacy computations. The historical
baseline dataset is updated using all values found to be
acceptable following the completion of each test.

(b) Nerve Agent Inhibited Samples - Determining t'ie
acceptability of the data from these ss:ples is, in this
study, somewhat complicated by the variao'e P-fects of the
topical protectant material on the rate and extent of AChE
inhioition. Nevertheless, the acceptability of data from
each sample can bo determined because, u,."tss there is no
changa from the b4seline value (indicating complete topical
protectant effectiveness), a pattern of progressive AChE
Inhibition is the expected pattern as nerve agent exposure
time increases. Sample hemolysis, if it occ'irs, usually
results in causes abnormally high AChE val.es and such
values are unacceptable for use in the evw .!Wtn of CTP
efficacy. Based on previous experience, t,.e influence of
sample hemolysis on test results can be significantly
reduced by incorporation of a few steps to determine sample
acceptability during each test. The steps in determining
sample acceptability are: (1) all nerve agent-inhibited
samples within a timed series for each rabbit are analyzed
and the data are tabulated as a percentage of baseline AChE
activity on an individual rabbit basis, (2) all samples with
baseline percentage AChE values in excess of 10 percent of
the previous value in the time series are reanalyzed,
(3) reanalysis results which return a value in excess of 10
percent of the previous value in the time series are
considered suspect and are not used in topical protectant
efficacy computations, (4) all other reanalysis results are
used to replace the previous result in the efficacy
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I computations and the previous result is recorded as "suspect
sample hemolysis 4 in the study records.

(2) Vesicant Assays - The endpoint used to quantify the
effectiveness of topical protectants against vesicant CSMs
is exposure tise dependent lesion area (measured in mm2 and
expressed as a percentage of a 24 hr, unprotected control
site lesion area). The times of exposure to vesicant CSMs
are specified by each individual test. Lesion area3 evaluations are performed as described below:

(a) Dye Injection - At 20-24 hr after exposure, each animal is
* given a 2.0-mt intramuscular injection, in each thigh, of a

3 percent suspension of Trypan blue dye in saline. The dye
requires at least two hours to translocate throughout the
damaged vessels of the exposure areas. The dye forms a dark
blue marking of the lesion against the contrasting pale blue
of adjacent normal skin. A pink halo may extend 2-4 -m
wider than the blue zone, which presumably Is indicative of3 active hyperemia.

(b) Anesthesia - Approximately 2-4 hr after administration of
the dye and just prior to taking lesion measurements, the
test animals are anesthetized with 35.0 mg/kg of ketamine
and 5.0 mg/kg of xylazine.

(c) Lesion Area Determination - After anesthesia, at
approximately 24 hr after exposure, the lesion at each
exposure site is measured with the use of a plastic metric

m ruler. Measurements of the length and width (longest axis
in each direction) of each affected area are obtained.
These measurements are recorded and lesion areas are
calculated based on an elliptical &rea formula.
Representative lesions may be recorded photographically, if
required by the Sponsor.

3 (d) After lesion area determination is comleted, each animal is
euthanized by lethal injection of an approved euthanasia
solution (e.g. T-61).

Im F. Application of CSM Challenge to Animals

(1) During CSM dosing and throughout the exposure period for each
S*,st, rabbits are positioned inside exposure CSM hoods to

-3intain air flow of approximately 100 linear ft/man, anterior to
posterior, over the rabbit. Besides personnel safety, this
positioning helps to eliminate the possibility of CSM inhalation
exposures affecting the AChE results.
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(2) Nerve Agent Assays

(a) The application of agent to each rabbit is made at a test-
specified time following application of the topical
protectant material. A.) safety procedures for the
percutaneous application of G and V agents provided in MREF
SOP-83-1 are observed.

(b) GD, TGO or VX is applied to the marked area of backs of
restrained rabbits with a sharp-tipped needle to provide apoint-source, air-dropped delivery without smearing oraccidental penetration of the topical protectant.

I (c) Delivery of TGD or GO is performed using a calibrated
micrometer syringe. VX is applied using a Hamilton
microliter syringe.

(d) Doses applied are based on the results of preliminary AChE
determinations for each test scenario and are related to
historical unprotected LDs values for each agent applied
percutankously to unprotected rabbits. The doses are those
estimated to produce approximately 80 t 10 percent AChE

* inhibition relative to pre-exposure baseline values for
ribbits protected with the control material following a 2 hr
eaposure to each CS14. Doses may be adjosted as needed by
logarithmic increfents of the nistorical LUs valt4e in order
to acco••odats aew conti-d saterials or the particular needs
of the sponsor. For the 0.1 = standard application depth,
using PEG 540 as the control topical protectant, the doses
estimated for TGO, GD and VX application are 3.35, 1.35 and0.3 mg/kg or 1.0, 1.0 and 10.0 times the L.D4 value,respectively.

m (3) Vesicant Assays -

(a) The application of HO or HO/L to each animal is made at a
tes:-specified time after topical protectant application.All safety procedures given in MREF SOP-83-2 are observed
during this operation.

m (b) A I pL volume of HO or HD/L is applied to the center of each
exposure site, using a Hamilton 7001N syringe with a sharp-6 tipped, positive displacement needle to provide a point
source, air-dropped delivery without smearing or accidental
penetration of the barrier. If a droplet of vesicant CSM
remains on the end of the needle, the needle may be brought
down close to the barrier (but without coming in contact
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with the topical protectant) so as to *wick" off the droplet
onto the topical protcctant.

(c) The challenge dose of vesicant CSN remains on the
appropriite topical protectant coated exposure area for
either 1. 2, or 4 hr after application, unless otherwise
specified by the test procedure.

(d) HO or RO/L is applied to the 24-hr control site (site G) in
the same manner as all other exposure areas.

(e) The seven exposure areas are dosed in alphabetical order
(A+G) with a 30-sec interval between each dose.

G. Decontamination

(1) Nerve Agents

(a) Exposed animals are kept within an approved CSM hood until
they are decontaminated and euthanized.

(b) At the end of the CSN exposure period specified for each
test, the protective coating and agent is removed by wiping
the area with a dry paper swab, which is discarded into a
beaker containing either 10 percent sodium hydroxide (NaOH)
for fGG or GO, or 5 percent sodium hypochlorite (NaOCI) for
VX.

(c) The exposure area is then thoroughly rubbed for at least
5 sac with a gauze pad saturated with 10 percent NaOH or
5 percent NaOCI (see G.1.b). This pad is also discarded
into the beaker containing 10 percent NaOH or 5 percent
NOCl after use.

(d) Step 7.G. (1) c is repeated once.

(e) The exposure area is then rinsed twice with deionized water
to remove any traces of MNaH or aOCIl.

(f) The animals are then placed in metal stanchions and held
overnight, if specified by the test.

(g) The rabbits are euthanized at the conclusion of the test and
the carcasses are placed in double plastic bags. The bags
are then sealed and are removed from the hood for proof-of-
decontamination and disposal by incineration.
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(2) Vesicants -

(a) Study-Specific Decontamination - This decontamination
procedure is performed to remove excess vesicant and to
decontaminate the exposure areas at specified exposure
times. It is not the final decontamination procedure used
for removal of animals from the hood system.

(i) Each exposure site is decontaminated at the test-
specified time period after vesicant application (e.g.
A, B at I hr; C, Dat 2 hr; E, F at 4 hr and the
control site, G, is not deco':-ainated).

I (ii) Each exposure site is carefully dabbed with a 4 in. x
4 in. gauze pad attached to a tongue depressor to
Sremove excess CSM from the surface of the topical
protectart. Care is exercised so as to cause minimal
disturbance to the surface of the topical protectant.

(iii) Each exposure site is next decontaminated using a plain
swab (absorbent padding wrapped and attached to a tongue
depressor) which contains 3.0 mL of a
5.0 percent NaOCI soluticn. The exposure area is gently
contacted with each side of the decontaminant pad for 10
sec. This procedure is then repeated.

( T xposure area is then contautod two individual
times, 10 sec per side, with plain swabs containing
3.0 mL of distilled HO. This is done to eliminate orI minimize irritation caused by the NaOCI solution.

(v) After decontamination, the animal is removed from the
* tie-oown board and placed in a metal stanchion or

standard caging for the remainder of the study period.

(b) General Decontamination - All animals receive an additional
decontamination just prior to the animal's removal from the
hood system.

(i) Lesion area eeasuremeit Is completed and the animals are
euthanized.

0(i0 After euthanasia, the whole back of each animal carcass
is decontaminated with a soaking wipe of 5 percent NaOCI

(iii) Carcasses are placed in double plastic bags which are
sealed, removed from the hood for proof-of-
decontamination and disposal by incineration.
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I H. Initial Efficacy Test Procedures

(1) In Vitro Tests - These tests are performed as described in MREF
3iP1s-"7-61 and 89-65. The results from these tests may be used
to eliminate, at the sponsor's discretion, the further in vivo

testing of a CTP compound or formulation.

(2) In Vivo Nerve Agent Test - This test is performed using TGO only.

(a) Rabbits are prepared for study as described in Section 7. C
for nerve agent tests. Eight rabbits per CTP or control
topical protectant are used per day. Each day of testing isI considered a test replicate.

(b) A baseline AChE sample is collected from each animal 5 min
prior to topical pr tectant applikation.

(c) Topical protectants are applied to each rabbit as described
in Section 7. 0. (1) for nerve agent tests.

I (d) Serial blood samples are collected from each rabbit at 5 min
prior to TGO application (-5 min) and at 120 min post-TGD
application. Blood samples are analyzed for AChE activity
as described in Section 7.E. (1).

(e) Following a .-hr period after topical protectant
application, application of a TGO challenge is made to each
rabbit as described in Section 7. F. (2) for nerve agent
tests.

I (f) The test is successfully completed following replication,
three times on three different days according to the
statistical criteria described in Section 7.K. for
successful nerve agent tests.

(g) The rabbits from at least one test repl ate are
decontaminated as described In Section 7.G. (') items (b)
through (e), removed from their tie-down boards, placed in a
metal stanchion and are allowed to recover from anesthesia.
These animals are held for 24 hr post-TGO ar-lication in the
hood and are given water ad libitum. At tht end of the
24-hr period, a blood same"i's 'olected and analyzed for
AChE activity as described in Section 7. E. (1).

(h) For all other test replicates, the completion of blood
collection is at 120 min and each test animal is euthanized,
decontaminated and disposed of as described in Section 7. G.
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(3) In Vivo Vesicant Test - This test is performed using HO only.

(a) Rabbits are prepared for study a, described in Section 7. C.
for vesicant agent tests. Eight viimals are used per CTP or
control topical protectant oa each test day. A test day is
considered a test replicate. Three successful replicates,
as described in Section 7. K. (2), are reqjired to ccrolete
the test for each CTP.

(b) Control and CTP materials are applied to the designated
exposure sites on the dorsun of each rabbit as described in
Section 7. 0. (2) for vesicants.

(c) Following a i-hr wait period after topical protectant
application, thu HO challenge dose is applied to each
exposure site as described in Section 7. F. (3) for
vesicants.

(d) Decontamination of exposure sites is performed as described
in Section 7.G. (2) for vesicants at the follo•ing specified
exposure times for each application site:

Sites A and 8 1 hr
Sites C and 0 2 2 hr
Sites E and F • 4 hr

(e) Site C is a 24 hr non..protected, exposure controa site which

is decontaminated 24 hr following vesicant application as
described in Section 7. G. (2).

(f) Following the 4 hr decontamination, each rabbit is rmoved
from the tie-d4ow beard and is placed in a metal stanchion.
The rabbits are then held for approximately 20 hr in the CSM
hood and are given water ad libitum.

(g) Each rabbit is prepared and each application site is
evaluated for vesicant-induced lesion area as described in

Sion 7. E. (2).

(h) Following lesion area determination, the animals are
euthanized and are prepared for proof of decontamination and
disposal as described in Section 7. G. (2). The lesion area
data are compiled and statistically evaluated as described
in Section 7. K. (3).
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I. Functional Test Procedures

(1) Nerve Agent Challenge Following Water Stress - This test is
conducted by washing a fixed application of each CTP compound
with water and then challenging the "stressed" CTP with TGO.

(a) Preparation and number of rabbits used for the test is as
described in Section 7. H. (2) a. for nerve agent tests.

(b) A baseline AChE sample is collected from each animal 5 min
prior to topical protectant application.

(c) Topical protectants are applied to each animal as described
in Section 7. 0. (1).

(d) After application, each CTP is washed with a quantity of
deionized water (22 : 5 C) equal to 500 times the volume of
the CTP applied. A graduated volumetric pipette is used to
gravity deliver the deionized water.

(e) The control topical protectant is not washed...

(f) Following a 1-hr period after topical protectant
application, application of a TGD challenge is made to each
rabhit as described in Section 7. F. (2) for nerve agent
tests.

(g) A TGD challenge (same dose used in the initial efficacy
test) is applied as described in Section 7. F. (2) 1-hr
after completion of the water stress for CTP compounds and
1.0 hr after application of the control topical protectant.
This permits drying of the application site prior to TGD
challenge.

(h) The test is successfully completed following replication,
three times on three different days according to the
statistical criteria described in Section 7. K. for
successful nerve agent tests.

(I) The rabbits from at least one test replicate are
decontaminated as described in Section 7.G. (1) items (b)
through (e), removed from their tie-down boards, placed in a
metal stanchion and are allowed to recover from anesthesia.
These animals are held for 24 hr post-TGO application in the
hood and are given water ad libitum. At the end of the
24-hr period, a blood samp-Te- Tlsc1ected and analyzed fo-
AChE activity as described in Section 7. E. (1).
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(j) For all other test replicates, the completicn of blood
collection is at 120 min and each test animal ij euthanized,
decontaminated, and disposed of as described in Section
7. G.

(k) The AChE data are then used to evaluate the relative
effectiveness of each CTP as described in Section
7 K. (2).

(2) Nerve Agent Challenge Following Time Stress - This test is
performed by allowing the rabbit to wear a fixed CTP application
for a specified period of time and then challenging the
"stressed' CTP with TGO.

(a) Preparation and number of rabbits used for the test is as
described in Section 7. H. (2) a. for nerve agent tests.

(b) A baseline AChE sample is collected from each animal 5 min
prior to topical protectant application.

(c) Topical protectants are applied to each animal as described
in Section 7. 0. (1).

(d) After application, each CTP is wcrn for a specified time
period to test its wearability characteristics against a TGO
challenge. The time period for the test is specified by the
sponsor for each CTP.

(e) The control topical protectant (e.g. PEG 540) is not worn
for the specified time period, rather it is worn for a
standardized period of I hr.

(f) Nerve Agent Challenge Following Water Stress - This test is
conducted by washing a fixed application of each CTP
compound with ter and then challenging the "stressed* CTP
with TGO.

(g) A TGO challenge (same dose used in the initial efficacy
test) is applied as described in Section 7. F. (2) after
completion of Sponsor specified time periods for CTP
comnpounds ana & hr after application of the control topical
protec:ant. If unspecified, the time period used for
te.- q CTP compounds is 4 hr.

(h) The ,est 4c successfully completed following replicatian,
three times on three different days according to the
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statistical criteria described in Section 7. K. for
successful nerve agent tests.

(i) The rabbits from at least one test replicate are
decontaminAted as described in Section 7.G. (1) items (b)
through (e), removed from their tie-down boards, placed in a
metal stanchion and are allowed to recover from anesthesia.
These animals are held for 24 hr post-TGO application in the
hood and are given water ad libitum. At the end of the
24-hr period, a blood samp-Te is- collected and analyzed for
AChE activity as described in Section 7. E. (1).

(j) For all test replicates, the completion of blood collection
is at 120 min and each test animal is euthanized,
decontaminated, and disposed of as described in Section
7. G.

(k) The AChE data are then used to evaluate the relative
effectiveness of each CTP as described in Section 7. K. (2).

(3) Vesicant Challenge Following Water Stress - This test is similar
to that described in Section 7. I. (1) for nerve agents except
that the vesicant test format is employed.

(a) Rabbits are prepared fir study a; described in section 7. C.
for vesicant agent tests.

(b) Control and CTP materials are applied to the designated
exposure sites on the dorsum of each rabbit as described in
Section 7. 0. (2) for vesicants. Sites E and F are not used
in this test.

(c) After application, each CTP application site is washed with
a quantity of deionized water (22 * 5 C) equal to 500 times
the volume of the CTP applied. A graduated volumetric
pipette is used to deliver the deionized water.

(d) Control topical protectant application sites 4re not washed.

(e) A HO challenge (same dose used in tht initial efficacy test)
is applied to each application site 1 hr after completion of
the water stress for rTP compounds and 1 hr after
applicatiol of the control topical protqctant. This permits
drying of the application site priur to HO challenge.

(f) The HO challenge dose is applied to each exposure site as
described in Sartion 7. F. (3) for vesicants.

A-It
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(g) Decontamination of exposure sites is performed as described
4. in Section 7. G. (2) for vesicants at the following2 specified HD exposure times for each application site:

Sites A and 8 a I hr
$ites C and 0 * 2 hr

(h) Site G is a 24-hr non-protected, exposure control site which
is decontaminated 24 hr following vesicant application as
described in Section 7. G. (2).

(i) Following the 2-hr decontamination, each rabbit is removed
from the tie-down board and is placed in a metal stanchion.
The rabbits are then held for approximately 20 hr in the CSM
hood and are given water ad libitum.

() Each rabbit is prepared and each application site is
evaluated for vesicant-induced lesion area as described in
Section 7. E.(2).

(k) Following lesion area determination, the animals are
euthanized, prepared for proof of decontamination and
disposal as described in Sectinn 7. G. (2). The lesion are4
data are comoiled and statistically evaluated as described
in Section 7. K. (3).

(4) Vesicant Challenge Following Time Stress - This test is similar
to that described in Section 7. 1. (2) for nerve agents except
that the vesicant format is used.

(a) Rabbits are prepared for study as described in Section 7. C.
for vesicant agent tests.

(b) Control and CTP materials are applied to the designated
exposure sites on the dorsum of each rabbit as described in
Section 7. 0. (2) for vesicants. Sites E and F are not used
in this test. Because inflammation is a time-related
response, exposure to HO in this test must occur at the same
relative time of CTP or control topical protectant wear for
each rabbit. Thus, when two topical protectants are to be
tested pe- rabbit (i.e. one applied on the A and C sites and
one on the B and 0 sites) the intended time of wear (and
hence, HD application) must be similar for both protectants.

(c) After application, each CTP is wor for a specified time
period to test its wearability characteristics against an HO
challenge. The time period for the test is specified by thesponsor for each ClP. If unspecified, the default timeperiod is 4 hr.
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(d) The control topical protectant (e.g. PEG 540) is not worn
for the test-specified time period, rather it is worn for a

q standardized period of I hr. This would mean in many cases
that a CTP cannot be tested concurrently using the same
animal used for the control application. When this is the

m case, it is acceptable to use both sets of test sites (i.e.
A and C, 8 and 0) for control application and data
collection.

(e) An HO challenge (same dose used in the initial efficacy
test) Is applied to each application site after completion
of the specified time period for CTP compounds and 1-hr
after application of the control topical protectant.

(f) The Ho challenge dose is applied to each exposure site as
described in Section 7. F. (3) for vesicants.

(g) Decontamination of exposure sites is performed as described
in Section 7. G. (2) for vesicants at the following
specified HO exposure times for each application site:

Sites A and B - 1 hr
$ Sites C and 0 - 2 hr

(h) Site G is a 24 hr non-protected, expoture control site which
ii dcorntaminated 24 hr following vesicant application as
described in Section 7. G. (2).

(i) Following the 2-hr decontamination, each rabbit is removed
from the tie-down board and is placed in a metal stanchion.
The rabbits are then held for approximately 20 hr in the CSN
hood and are given water ad libitum.

(j) Each rabbit is prepared and each application site is
evaluated for vesicant-induced lesion area as described in
Section 7. E. (2).

(k) Following lesion area determination, the animals are
euthanized, prepared for proof of decontamination and
disposal as described in Section 7. G. (2). The lesion area
data are compiled and statistically evaluated as described
in Section 7. K. (2).

J. Advanced Efficacy Test Procedures

(1) VX Challenge . This test is conducted exactly as lescribed in
Section 7. H. (2) for nerve agent initial efficacy tests except
that VX is used as the chillenge agent instead of TGO.

3 A-20

4



MREF Protocol 58
Medical Research and
Evaluation Facility

January 15, 1990
Page 21

(2) GO Challenge - This test is conducted exactly as described in
Section 7. H. (2) for nerve agent initial efficacy tests except
that GO is used as the challenge agent instead of TGO.

(3) HO/L Challenge - This test is conducted exactly as described in
Section 7. H. (3) for vesicant agent initial efficacy tests
except that HO/L is used as the challenge agent instead of HO.

K. Statistical Methods:

(1) In Vitro Nerve Agent Tests -

Each elution time value associated with a receptor fluid sample
is adjusted by the time lag incurred in eluting the volume of
receptor fluid in the tubing between the diffusion cell and the
fraction collector. Results of GD-inhibited samples were3expressed as relative inhibition (RI) by the following
transformation:

SRI a . X 100 percent
AC

where AC and As are the AChE activities in the concurrent control
and sample fractions, respectively. The parameters used to
characterize the efficacy of a material as a protectant against
GO penetration in each replicate are the times after dosing to
three levels of RI, initially 25, 50, and 75 percent (T2, T
and Ts, respectively). These times may be decreased in nuwer
to one or two for test replicates involving penetration so rapid
that the times are statistically indistinguishable. Any
candidate protectant that prevents penetration of applied agent
to the extent that RI is less than 95 percent at 2 hr is
automatically passed onto the next screening tier. Thus, elution
samples ire not collected beyond 2 hr after dosing.
Each replicate is characterized by regressing an appropriate
model (eg, a fifth-order polynomial or alternatively a cumulative
distribution function) on the RI data as a function of lag-
adjusted collection times. T2s, Tu, and T7s are determined from
the regression parameter values by Newton's method for finding
roots of equations. Mean T2, T, and T. are calculated for the
candidate protectant across repficate runs.

Mean T,, Tw, and TI, for PEG 540 are control charted and pooled
across all replicates for all candidate protectants. Replicates
with all three times outside the control chart's 95 percent
confidence limits are not pooled with data from the other
replicates. Thus, rank ordering the candidate materials relative
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to each other and PEG 540 is delayed until all testing is
completed. Initial replicates are judged as acceptable or
unacceptable based on pilot study data, but the pilot study data
are discarded from the data set for the final analysis and rank
ordering. Analysis of variance followed by Tuke 's test for
multiple, simultaneous comparisons (alpha - 0.05) is performed to
indicate relative efficacies among the candidates and PEG 540.
The rank order of candidates is based on a composite evaluation
of mean T5 , T., and T,, for each candidate and PEG 540.

3 (2) In Vivo Nerve Agent Tests -

(a) Quality Control - Control of each nerve agent is
accomplished for each test day by control charting current
mean relative (baseline-normalized) activity levels in
erythrocyte samples for the contm.l topical protectant with
historical levels. The mean relative activity level at each
time point after nerve agent application is charted with
historical values at the respective times using an
acceptance range of t 3 standard deviations from the
historical ean. The test replicate is considered valid if
the mean r-lative activity levels obtained at all three time
points fall within 1 3 standard deviations of the
corresponding historical means. Invalid replicates are
repeated. Thie test is considered complete for each CTP when
threa valid repliý.ans of the control are obtained. There

must 0e at least :iA cooplets sets of AChE v&lues, control
and CTP, in each eiqht-animal dataset. All replicate data
is added in sequential order to the historical dataset.

(b) Comparison of CTP Efficacy - This is performed on
statistically-controlled data by statistical comparisons of
mean percent AChE activity values obtained for each CTP
obtained under comparable test conditions and blood sample
collection times. The percent AChE activity means and
standard deviations for each CTP tested under each test
condition up to the reporting date are determined for each
animal per CTP relative to its individual baseline AChE
value and the means are ranked from highest to lowest at
each sample collection time and in a composite fashion by
the mean of stm-ation values across all sample times (except
the 24 hr values). The 24 hr percent AChE mean for each CTP
is statistically compared (one-sided t-test, alpha -O.05) to
the corresponding 4 hr mean to in order to detect whether or
not a significant (p 1 0.05) decrease in the mean percent
AChE value occurred following decontamination. The ranked

CTP means are then statistically compared (alpha - 0.05)
using a multiple comparison test (i.e. Tukey's procedure).
In addition, functional test results AChE means are

A-22



MREF Protocol 58
Medical Research and

Evaluation Facility
January 15, 1990

Page 23

statistically compared (t-test, alpha a 0.05) to
corresponding values obtained for each CTP during the
conduct of the initial efficacy tests in order to estimate
whether the efficacy of the CTP was significantly affected
(p ý 0.05) by either the time or water functional challenge.

(3) Vesicant Tests -

(a) Statistical Control - Statistical control of each vesicant
test is accomplished by statistical comparison of historical
reference values for lesion areas from control topical
protectants and the non-protected exposure sites, with
corresponding values obtained from each replicate experiment
in the test. Data from rabbits whose non-protected lesion
area values fall t 3 standard deviation outside the
historical mean value for such exposures are not included as

part of the test replicate. Mean lesion area values for the
control topical protectant are statistically compared
between the corresponding historical control value at each
exposure time point after vesicant agent application and the
mean values obtained from each replicate within the test to
determine if the values are within t 3 standard deviations
of the corresponding historical control values. There must
be at least six complete sets of usable lesion area values,
control and CTP, in each eight-animal replicate dataset.
The test replicate is coosiderad statistically valid if the
mean lesion arei values ootained for all time points from
the control topical prctectant application sites in the
replicate fall within * 3 standard deviations of their
corresponding historical values. All data from replicate
datasets are added, in sequential order, to the
corresponding sets of values within the historical control
dataset. Invalid replicates are repeated. The test is
considered complete for each CTP when three statistically
valid replicates of the control are obtained.

(b) Comparison of CTP Efficacy - This is performed on
statistically- controlled data by statistical comparisons of
mean lesion area values obtained for each CTP obtained under
comparable test conditions and exposure times. The lesion
area means and standard deviations for each CTP treated site
tested under each test condition up to the reporting date
are ranked from lowest to highest at each exposure time and
in a composite fashion by the addition of lesion area values
across all exposure times. The means are then statistically
compared (alpha v 0.05) using a multiple comparison test
(i.e. Tukey's procedure). In addition, lesion area means
from functional tests are statistically compared (t-test,
alpha * 0.05) to corresponoing values ootained for each CTP
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during the conduct of the initial efficacy tests in order to
indicate whether the efficacy of the CTP was significantly
affected (p 0.05) by either the time or water functional
challenge.

9. Records to be Maintained:

A. Compound inventory, specifications, and usage

B. Dosage preparation and administration

C. Animal receipt and quarantine records

0. Animal data from all tests performed

E. In vitro test data

F. Decontamination results and disposal records

10. R_.orts:

A. Letter Reports

I Each letter rep..rt contains a brief narrative descrlption of the CTP
test results obtained in each phase of testing. These are submltted
to the COR within seven wrking dayo after the ni4 of each phase.

B. Findl Report

A final report is prepared and submitted within 30 days after
completion of the task. It includes at least the following:

(1) Signature page for key study individuals and their
responsibilities.

* (2) Experimental ieslgn

(3) In vitro and in vivo test data.

(4) Test material description.

(5) Application procedures.

3 (6) Tabulation of in vitro and in vivo response data for eich CTP
tested.

(7) Statistical methodology used.

A-24
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1](8) Discussion.

11. Approval Signatures:

I toto

; avid W. rHobsson, Phý.D. - Ulte
* I Study Di rector

Garett S. DOT Date
Program Manager

Po*ý- L. 4*en, D.V.M. oat*3 •'hief Veterinarian

( Tiames R. Stewart Ph Oa
vuSMR IC COR

3 N/A - Non GLP Study
Quality Assurance Unit Date
Health and Environment Group

N/A - Non GLP Study
Charles K. 8urdick, Director Date
Total Quality Program
Health and Environment Group
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Evaluation of No-w Candidate Topical Protectants Using In Vitro
and In Vivo Models to Determine Their Relative Eflectiveness

Against Thickened GO, GD, VX, HD and HD/L

Protocol Amendment No. 1

Change: Replace Pages 9 and 10, Section 7.E.(1)(a) and (b) with the following:

(a) Baseline Samples - The acceptability of individual baseline
(-65 min, pre-CTP application) sample values is determined using
historical -65 mi sample values (expressed in Units/mL packed
rabbit erythrocytes) as a guide. All -65 min samples with AChE
values outside 1 2 standard deviations from the historical mean

I are reanalyzed. The -65 min sample value becomes the average of
all results within 1 3 standard deviations from the historical
mean. If both values fall outside* 3 standard deviations then

* the -65 min sample for the animal is suspect, as are all
subsequent samples obtained from that animal, and none of the
data are used in CTP efficacy rraputations. The historical data
set is updated using all -65 mi.t sample values found to be
acceptable following the completion of each test.

(b) Nerve Agent Inhibited Samples - The acceptability of data from
u each nerve agent-inhibited sample can be determined because,
unless there is no change from the baseline value (indicating
complete topical protectant effectiveness), a pattern of
progressive AChE inhibition is the expected pattern as nerve
agent exposure time increases. Hamolyzed samples from the rabbit
usually result in abnormally high AChE values that are
unacceptable for use in the evaluation of CTP efficacy. Based on

U* previous experience, the influence of sample hemolysis on test
results can be significantly reduced by incorporation of
following procedure to determine sample acceptability during each

* test.

An initial estimate of within-sample variability is obtained by
- measuring packed rabbit erythrocyte AChE activity levels from

five preparations of the same sample and calculating a standard
deviation. This is performed in multiple samples covering the
range of anticipated activity levels. Within-sample variability
is expressed as the standard deviation calculated as a function
of activity levels determined ly regression analysis. Three of
these within-sample standard deviations is regarded as a

* tolerance limit term used in accepting test generated activity
levels, as described below.

A
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The steps in determining sample acceptability are:

(i) Each -5 min (just before agent dosing) sample activity value

is compared with that rabbit's baseline value. If it is
beyond the upper tolerance limit, i.e., the baseline plus
the within-sample variability (three standard deviations)
tolerance limit term, the -5 min sample is reanalyzed. If
the seccnd analysis level is less than that limit, it
replaces the original analysis level. Otherwise, both data
are omitted from the data set.

(ii) All nerve agent-inhibited samples within a timed series for
each rabbit are analyzed and the data are tabulated as a
percentage of baseline AChE activity on an individual rabbit
basis. For animals moribund or dead as a result of agent
intoxication, all subsequent AChE ý.ctivity and baseline-
normalized values for time perious following the death of
that animal are recorded as zero and includ-d in the
statistical analysis.

(lMi) All samples with AChE activity values in excess of the upper
tolerance limit (the mean of the two most recent, accepted
sample AChE activity levels for that rabbit plus the
tolerance limit term defined above) are reanalyzed. If a
second analysis level is greater than the tolerance limit,
then both data are omitted frc" the data set.

Reason: Estimations of within-sampie variability were mada based on 7,peated
sample analyses to replace tne tolerance li)it term (i0 perctnt of the
preceding activity level) arbitrarily assigned in the protocol,
Experience has shown the 10 percent rule to be unnecessarily
restrictive in determining acceptahle data.

Impact on Study: Fewer sample ACKE activity levels outside the upper
tolerance limit, and decreased frequency of reanalysis,
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I Change: Page 22, Section 7.X.(2)(a).

There must be at least five acceptable AChE activity values at each
I es time period, per control and CTP, in each eight-animal datz set.

Reason: Power calculations have indicated that requiring six acceptable data
points per set of eight animals instead of five data affords on!y
marginal improvement (two or three percent in both directions from the
PEG 540 ivan relative activity) in detecting a significant difference
between PEG 540 and a CTP at alpha - 0.05, beta - 0.10.

I Impact on Study: The frequency of repeating study replicates necessitated by
insufficient datn will be decreased at minimal risk to the

I sensitivity of the design.

I' W. HoOson, Ph.D a
C Study Director

Jme~s."tewartCIt

I
l • ~USAMR•I CD CDR L- {a: ..

II
I
I

II
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Evaluation of New Candidate Topical Protectants Using In Vitro
and In Vivo Models to Determine Their Relative EffectTNeness

Against Thickened GDO, GO, VX, HO and HD/L

Protocol Amendment No. 2

Change: Page 1. Section 5.

MAJ James R. Stewart, O.V.M. is replaced with LTC Don W.
Korte, Jr., Ph.D.

Reason: MAJ Stewart was replaced by LTC Korte as Contracting Officer's
Representative.

Protocol Amendment No. 3

Change: Replace Section K.(3)(a) with the following:

(3) Vesicant Tests -

(a) Statistical Control - Statisticvl control of each vesicant
test is accomplished by statistirl comparison of historical
reference values for lesion areas fr-ca cnntrol topical
protectants and the non-protectld oxpostre sites, 4ith
corresponding values obtained f,,, etch replicate experiment
in the test. Data from rabbits kiose non-protected lesion
area values fall 1 3 standard deviation outside the
historical mean value for such exposures are not included as
part of the test replicate. Mean lesion area values for the
control topical protectant are statistically compared
between the corresponding historicil control value at each
exposure time point after vesicant agent application and the
mean values obtained from each replicate within the test to
determine if the values are within t 3 standard deviations
of the corresponding historical control values. There must
be at least six complete sets of usable lesion area values,
control and CTP, in each eight-animal replicate dataset.
The test replicate is considered statistically valid if the
mean lesion area values obtained for at least one time point
from the control topical protectant application sites in the
replicate fall within * 3 standard deviations of their
corresponding historical values. All data from replicate
datasets are ad,,I, in seluential order, ti the
corresponding sets of values within the histurical control
dataset. Invalid replicates ire repeated. The test is
considered complete for eact CTP when three statistically
valid replicates of the control are obtained.
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Reason: The current topical protectant control level is too stringent relative
to the use of PEG 540 as the control topical protectant and the size
of the existing PEG 540 hirtorical dataset.

Impact on Study: There will be little or no change in the relative rankings
for the topical protectants evaluated. This change
eliminates the need to repeat tests unnecessarily in order to
obtain a level of historical control which, for practical
reasons, is too stringent for the use of PEG 540 as the
control topical protectant.

SA~v i a W. rtufson, Ph.r'~. Oatt
Study Director

Don W. Korte, r Date
USA•IRICD COR
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Evaluation of New Candidate Topical Protectants Using In Vitro
and In Vivo Models to Determine Their Relative Effect-ene-is7

Against Thickened GO. GO, VX, ;,D and HO/L

Protocol Amendment No. 3

Change: Replace Page 4, Section 7.8. (2) with the following:

(2) Number - One replicate group of animals is used per control on
each day of dosing. For CTP replicates, the standard data
collection requireient is one satisfactory data set (as defined
in Section K for each test type) per day per material over at
least three days of testing for test completion (ie, nominally
N - 24 animals per CTP per test). As determined by the
USA•IRICD COR, very speciali circumstances may occasionally
require the testing of three or more re.pliiate groups of tne
same CTP on a single day. Under these circuristances, all
subsequent references in this protocol to the number of test
days and the number of animals to be treated with a given CTP
per test day are superseded. CTP replicate grotps of eight
animals each are sequentially ordered, and the data are
statistically treated as a though they were collected across
multiple test days in all subsequent data handling operations
required within the context of this protocol.

Reason: The above change ailows for a decrease in the number of days required
for testing a CTP from three ti one in the event that the denand
(e.g. data needed to support ongoing military operations) for the
test results takes priority over the statistically preferred method.

Impact on Study: Possibly smaller within-day variances, but also possibly
larger variances across days, in control data sets.

avid W. Hobson, Ph.D. r~te/
4Sudy Director

LTCDo W. Kbrte, ~.COR Date
USAMRICD -

THS/cah
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Evaluation of New Candidate Topical Protectants Using L ji
and h Vivo Models to Determine Their Relative Effectiveness3 Against Thickened GO, GO, VX, HO and HD/L

Protocol Amendment No. 4

Change: Replace Page 15, Section 7.H. (3) (d) with the following:

(d) Decontamination of exposure sites is performed as describei
Section 7.G. (2) for vesicants at the following exposure ti
for each application site, unless otherwise specified:

Sites A and 8 - I hr
Sites C and D a 2 hr
Sites E and F - 4 hr

Reason: This change allows the tins to decontamination to vary with spf
requirements, while retaining 1-, 2-, and 4-hr exposure periods
nominal times for initial efficacy testing.

Impact on Study: Increases the utility of this protocol to allow specli
studies.

/David W. Hobnon, Ph.D.
Study Director

LTC Don W. Korte. r., COR Date
USAMRICO

THS/cah
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., For Review and Approvai : z-. N-o
Internal Oisr ;t

Name I Initials Date TS Snider
Oriqinator OW Hooson 1- 7 7,- -,. OW iobson
Concurrence G maiden

L I . . RMO
k. . .I __ GS OilliFile
Aooroval .G Maiden I Per fax "Ia-17-9I

i j August 17, 19o-

* LTC Don W. Korte, Jr., MS, COR
Battelle Memorial Institute
505 King Ave., JM-3
Columbus, Ohio 43201-2693

Dear LTC Korte:
Contract DAM017-89-C-9050

3 Task 8g-03

The attached information provides a tabulated summary of the results from Ta&
*m 89-03, Phase 1 in vitro studies with GO, TGO, and VX and in vivo rabbit
* exposures to TG-and HO. The tables include all Phase 1 results from testinm

14 candidate topical protectants (CTPs). The data summarized have been both
quality controlled according to MREF Protocol S8 and reviewed by our Quality
Assurance Unit at King Avenue.

The endpoint in the in vitro studies is the time required, after dosing 0.5
of agent on a synthetc e"rane bilayer assembly enclosing a 0.1 mm thickne!
of each candidate topical protectant (CTP) and mounted in a penetration cell
to achiewe a prescribed fractional degree of inhibition (i.e., 0.25, 0.50, a.
0.75 of the control cell activity) for eel acetylcholinesterase (AChE)
activity in receptor fluid samples. Data reduction involved two steps; firsi
nonlinear regression parameters were estimated for the data obtained from eal
cell by analysis of relative inhibition versus time using a cubic cumulative
distribution function (Statistical Analysis System Nonlinear Regression
procedure, or SAS NLIN) then, Newton's method for finding roots of equations
was used to estimate the times to prescribed inhibition defined by the

i Uregression parameters. The "Score' parameter is the overall average value fi
m all time estimates obtained for each of the three prescribed degrees of

inhibition.

The in vitro results are provided as two tables. In the first table, the CTI
are arranged by the test priority assigned by Or. Hammond of the U.S. Army
Medical Research Institute for Chemical Defense. In the second table, the
CTPs are numerically ordered from apparent most to least effective based on
the data. The latter identifies groups of CTPs having statistically
indistinguishable means, as determined by analysis of variance using the
least-squares means method (SAS General Linear Models, or GLM, procedure).
Statisticdlly grouped rankings of the CTPs are indicated for the "Score"
parameter.
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SjLTC Don W. Korte, Jr., MS, COR
USAMRICD 2 August 17, 190

JFor TGO and HO tested in vivo, tables are attached which provide the following
information:

. statistics on wear time periods from application of each
CTP to agent dosing (there were no statistically significant,
i.e., P < 0.05, effects due to wear time for either TGO or HO)

0 statistics on the raw endpoint measured at each time period,
i.e., red blood cell acetyicholinesterase (AChE) activity (U/mL)
for TGO, and lesion area (=rn) for HO

statistics on the relative endpoint calculated at each time
period, i.e., red blood cell AChE activity divided by the
baseline value (%) for TGO, and lesion area divided by the
unprotected control site lesion area (%) for HO

"I statistics on the relative endpoint at each time period, ordered
from apparent most to least effective CTP; these tables identify
groups of CTPs having statistically indistinguishable means,
determined by analysis of variance with the least-squares meansmethod (Statistical Analysis System General Linear Models, or SASGLr., procedure)

0 statistics on the mean relative endpoint, expressed as a fraction
and referred to as Score, ordered from apparent most to least
effective CTP; this table identifies groups of CTPs having
statistically indistinguishable Scores, determiaed by analysis of
variance with the least-squares mears method (SAS GLM procedure)

"" for TGO only, statistics and paired t-tests to determine the
effect of each CTP on rabbit AChE absolute activity from just
before application to 1 hr later

* for TGO only, statistics and paired t-tests to determine whether
rabbit AChE relative activity levels changed from 120 min to
24 hr after dosing.

I Also included is a correlation plot showing the relative performance of the
14 CTPs by in vitro tests with that by in vivo tests for TGO. The points fall
roughly into three g•oups. The majority of the 14 CTPs (indexed with I - 3 -
A - J - N - K - 0 - H) define a fairly linear trend that indicates increasing
in vitro efficacy with increasing in vivo efficacy. Pcints indexed by G - E -
S_77efine a line that indicates a greater in vitro efficacy than would
have betn expected by the in vivo results. If thi-'n vitro procedure was used
as a first level tier screen,7nese four CTPs wouldTikely have passed into
the in vivo tier, but their relative efficacy might not have been confirmed in
the inimia'model. The group comprised of 0 - N - L were all 3M materials. We
suspect their poor in vitro performance against TGD penetration may be the
results of protective =actrs lacking in the synthetic membrane model, but
present in the animal model.
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LTC Con W. Korte, Jr., MS, COR
USA•RICD 3 August 17, 199O

Based on the combined test results for all 14 CTPs conducted to date, it
appears that compounds OP41-89, OP42-89, OP45-89, MA54-89, and 3M66-90 offer
significant protection "ith reasonable consistency across all tests.

If I can be of any further assistance, please call me at (614) 424-525g.

Sincerely,

David W. Hobson, Ph.D., O.A.S.T.
Associate Manager
Medical Research and Evaluation Facility

OWH/cah

Attachment

cc- COL Michael A. Ounn, Commander, USAMRTCD
LTC George C. Southworth, MS. Deputy Comander, USAMRICO
MAJ James Romano, MS, RAO V, USA1aRDC
Ms. Ellen Mackenzie, Chief, PCM9, USAMRICD
8enj.amin G. Maiden, Ph.D.
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MIEF TASK 89-03, PHASE I. VITIO ASSESSINENT OF
CANIODATE TOPICAL PROTECTANTS INIOEXED BY TIME (min) AFTER
DOSING GO TO SPECIFIC AChE INHIBITION LEVELS IN RiCEPTCO

FLUID RELATIVE TO CONTIROL CELL

ReP~ative¥ Irdhibitic~n Lr vOL

Testing ICO
Priority No. MIEF NO. 0.25 0.50 0.13 s•ree

0 PEG 540 N 131 133 133 134
mean 54.9 S7.2 58.6 S6.9
So** 30.5 31.2 31.5 30.9

1 146 DP42 -6 1 u 12 11 11 12
Mean 47.9 53.7 •k.1 50.3
So 15.5 i3.? 15.2 17.2

* 2 11.67 K3-*89 0 12 12 12 12
mea 61.6 64.9 67.6 66.7
S12.8 14.6 15.9 14.4

3 146S DP4-9 - 12 12 12 12
" 476.9 82.4 86.6 62.0

*;0 17.9 20.0 21.5 19.5

4 144•9 5-09 1 12 12 12 12
m oem 70.5 75.7 $0.1 7S.5
U 16.1 18.1 20.1 18.0

5 1511 %AS4-49 N 12 12 12 12
Momi 90.9 95.5 99.5 95.3

1so U.9 23.0 23.1 23.1

6 1 I N u 12 12 12 12
mom U.S 33.7 34.7 33.6
3 16.9 17.5 18.0 17.5

1621 SC1-w N 16 16 16 16

mun 36.7 35.6 40.1 38.5
U 6.9 7.2 7.5 7.2

3 1623 KS16-809 N 12 12 12 12
meadi 27.6 28.3 29.0 28.3
U 6.7 7.2 7.5 7.1

9 1536 10"s •89 9 12 1U ¶2 12
""A 35.5 36.8 38.2 36.9
S 1.7 5.6 5.8 5.7

10 1463 r*56- 9 N 12 12 12 12
Imo 114.8 115.2 115.3 115.2

so U 2.8 28.5 28.3 21.5

11 1¶92 3m-9g 0 12 12 12 12
- mau $6.5 62.2 64.9 61.9

12o 29.6 29.8 30.4 29.9

12 1691 SM$-90 N 11 11 11 11
Mean 86.9 90.7 94.3 90.6
soU 3017 29.4 28.4 29.4

U 13 16" 36-96 .90 11 11 Il
maui 117.2 118.8 120.0 118.7
So 12.4 9.8 8.4 10.0

* 14 16go 31067-90 0 12 12 1z 12

M on 41.3 4.4 45.8 43.8
so 9.8 9.- 9.7 9.2

Score a Mean, timw to reLative, I6ribition Levvls
I

N .... ... ... ... .... ....rd d"" - --t -ol,



AREF TASK 89-03, PNASE I IRANXING OF CANOIDATE"TOPICAL PIOTECTAMTS IkOEXED SY TIM: (ain) AFTER
DOSING GD TO SPECIFIC ACJE INNIIITION LEVELS IN1] RECEPTOR FLUID RELATIVE TO CONTROL CELL

Order
of 1CD MQEF Grouping (Kecns with th

M M ,o.6 0.25 0.50 0,73 Score .me Letter arequiwtllt)

1 1639 3m"-90 li 11 11 11 11
*e*n 117.2 118.8 120.0 118.7 A
SO" 12.4 9.8 8.4 10.0

2 1463 P56.- a 12 12 ¶2 12
0.04" 114.8 115.2 115.5 115.2 A
so 28.8 Z8.5 28.3 22.5

3 1sl1 "A$4-89 u 12 12 12 12
gem 90.9 9.5 99.5 9s.3 A I
SD 23.9 Z3.0 2.1.1 23.1

i4 1W9 SM$-90 v 11 I1 11 i1
"•Wm M•.9 90.7 ".3 90.4 A I
so 30. 29.4 2111.4 29.4

5 !* 0tm N 12 12 12 12
!"ea 76.9 82.4 86.6 82.0 A I C
so 17.9 20.0 21.5 19.3

6 1469 0100-89 u 12 *2 12 12
"ean 70, ?S.' 80.1 75.5 S C o

16so 16.1 18.1 20.1 18.0

7 1"? DK-" 1 12 i 2 12 i2
*"a 61.6 " .9 67.6 ".? I C C a
so 12.8 14.6 15.9 14.438 1692 30".90 N 12 iz 12 12
POeOn 8.5 62.2 44.9 61 1 C 0 1 F
so 29.6 29.1 30.4 29.9

9 PlEG S4O N 131 133 133 134
moan 5$.9 57.2 S8.6 l6.9 C 0 1

;0 30.5 31.2 3,1.5 W.9

1) 1* I F4,-8, 4 16 16 11 16

g IS. is? 1. 5.8 i.

11 1690 3PS7-9 v 12 12 12 12•no 41.3 "A. 45.41 03.9 0 9 F

so 97. 9.3 9.7 9.2

12 1621 KI •-M1 N 16 16 16 16
ma 34.?' .1.6 A.0. 38.51F

1O 6.9 7.2 7.5 ?.1

13 15s6 N"SS-89 II 12 12 12 12

Noan 3t.5 W,,8 3 , 8.2 36.9 l F
iso 

5 ,7 ' 5 .6 5 .8 5 .7 '

14 1509 WN3-09 0 12 12 12 l2
ýý-Wl S2.$ 33.7' 34.7 33.6 ! F
so 16.9 17'.5 18.0 11.5

I15 1623 N163-89 N 12 12 12 12

Noon 27.6 28.3 29.0 28.3 F
so 6.7 7.2 7.5 7'.1

score ;tmenqr time to reisti|e inh•ibition' |I*•Ils

SO - Staindard evi a tifa
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MREF TASK 89-03, PWASE 1
LN VIT20 ASSISSXEJT OF CANODIATE TOPICAL PROIECTAMTS

INEXED IST TIME (min) AFTER DOSING TGO TO SPECIFIC AChE
INNISIrION LEVELS [N RECEPTOR FLUIO RELATIAI TO CONUTROL CELL

Testing Ica te~ttiie Inhibition Levet
Priority No. MREF No. 0.25 0.50 0.A5 Scor**

0 PEG 540 4 130 130 131 131
pean 52.6 55.1 56.8 56.7I
SO" 26.9 26.3 27.6 26.2

S 1466 DP002"89 1 12 12 12 12
meom 70.7 73.9 77.1 73.9
so 22.7 23.1 26.2 23.3

2 1".7 DP43-9 u 12 12 12 12
now 116.8 117.5 118.0 116.8
a 20.3 19.1 13.3 19.0

3 1665 EI -09 1 12 12 12 12
IMn 119.8 120.2 120.3 120.1
$D 12.9 12. 12.9 12.9

4 16"9 WS-1- 111u 12 12 12 12

7 1 C- 113.1 M.? 119.6 112.8
IN 20.72 16.9 1.0 170.8

S 1511 6 54- -89 11 12 1z 12 12
Meen 0.6 16.72 60.3 76.9
o 12.8 19.2 20.6 19.0

6 1509 WS115-9 u 12 12 12 12
329.1 29.8 30.0 29.0S O6.6 6.s 6.4 6.5

7 1621 IWt-" no 12 12 12 12

m11o1 39.2 02.9 .3 10.8S 83.9 39.2 9.5 9.2

a 1623 W163.89 1 12 12 12 12
NMen 696.2 4.2 69.9 4.1
oa 12.9 13.8 10.1 18.?

IV% 4n5•09 0 12 Iz l2 12

US 32.1 33.1 31.0 33.0uo 4.0 4.2 4.4 4.2

IQ1 1"S3 PAW-M9 1 12 12 12 12

me 101.6 101.8 102.0 101.8
aO 31.9 31.$ 31.2 31 .5

11 1692 3411490 9 9 10 12 12
Mean 26.0 26.9 21.7 26.9
a0 1%.1 12.5 14.9 12.5

12 46911 3W•-90 11 12 12 12

Nun S9.oe Sa.tm 56.t@ r4.1vS 1o 28.4 29.9 31.1 30.0

13 1689 3S66-90 u 9 9 9 9
o il..& Is.& 20.t 18.8

10 10.1 10.1 10.2 10.1
14 1690 3W-790 0 9 is 12 12

Ne• 21 .3 21.9 21.7' 21 .1
so 13.5 12.7 12.7' 12.1

•Score •4an *@am timt rojtative inhibition to"(*•t
* SO * Sta•dard deviation

* J 8-



*1
Jtu1EF TASK 89-03, PNASE 1

RANKCING OF CAND1IDATE TOPICA4L PROTECTANTS
INOEXED T TIME (aim) AFTER DOSING TGD TO SPECIFIC AChE

IMIIBITION LEVELS IN RECEPTOD FLUID RELATIVE TO CONTROL CELL

Order
of ]CO leta. iv Imhibition- Levet Growt~ing (Means with theJMani$ No. NREF No. 0.'' 0.50 0.75 Score sa Letter are equivalent)

I 1465 0P41-89 W 12 12 12 12
mean 119.8 120.2 120.3 120.1 A
So"t Q2.8 12.9 12.9 12.9

S146? 0P43-89 i 12 12 12 12
%*an 114.8 117.S 118.0 116.8 A
So 20.3 19.1 18.3 19.0

3 1469 PS-89 N 12 12 12 12
Moan 113.1 117.7 119.4 116.8 A:o 20,7 i6.8 15.0 17.1

i 1163 D ,45-9 M 12 12 12 12
M04A 101.6 101.1 02.0 5 04.8 A IC
so 31.9 31.5 2W.2 31..

9 1613 -63489 V 12 12 12 12
pow 710.6 76,7 80.3 5.19 5 C
so 13.9 19.2 20.4 19.U

14 16 0PeI-.9 0 12 12 12 12
Mno 39.7 /'3.9 r? I T4. 9 . c
nan 3. 2.13.1 24.2 33. 3

S 16091 3"5-90 M 11 12 12 12fe 40.7 54,7 56.7 S4.7 C a

so 29.1 29.9 31.1 30.0

3PEG 514, M 132 130 131 131
ftan 52.6 55.1 %.Jl $,./ C D E

so 26.9 26.3 27.8 26.2
9 1623 09S163-1119 4 12 12 12 12

MSQAm ".2 4Ai.2 419,0 4.1 C & I F

so 14.9 13.5 14.4 1U.?

10 1621 3846W!- q It 12 12 12
21 .39.91 4.T 42.3 21.1 . 9 Fso 6.8 9.7. 9.5 9.2

1 1 53 I sm I5-80 at 12 ';2 Q 12
Mon 2.1 U.1 U..0 33.0 0 a F

so 4.0 4.2 4.4, 4.2

12 15"9 W•3- 89 x 12 12 12 12
0n• 2'9.1 29.8 30.4 29.81F

so 6.6 6.5 6.4 6.5

13 1602 31,164- 90 0 12 12 12 12
10ean 26.0 26.9 21.3 26.9 1 F

s 1O I.1 1.5 14.9 14.$

14 1690 31406-90 4 9 'a 12 12
Mo 21.3 21.9 21.? 21.1 P
so 13.3 12.7 12.1 12.7

n 5 169 3m-4- is 9 9 9 9

fton 1/.4, 18.8 20.1 is11.I
so 10.1 10.1 10.2 10.1

SScores Moan timre torelative inhibitioMti,
S -$0 • rdar •deviation
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SI•EF TASKC 89-03, PHASE I

IN VITRO ASSESSJENT OF CANOIDATE TOPICAL PROTECTANTS

INOEXED IT TIME (urn) AFTER OOSING VX TO SPECIFIC AChE INHIILTION LEVELSIN RECEPTOA FLUID RELATIVE TO CONTROL CELL

Testing ICO Rtavej Inhibition Leve ,

Priority No. MEF N. 0.s 0.50 0.75 Score"

0PEG 4O 0 133 136 138 136
mean 3.0 3.8 4.8 3.9
so8. .7 10.1 11.3 9.9

I DP42-89 4 12 12 12 12
han 78.1 39.4 89.7 85.8
so 45.7 4.6.4 46.1 44.2

2 1467 0P,3- 89 N 11 12 12 12" an 13.5 17.9 20.9 17.6
So 3.7 5.3 6.5 5.1

3 1465 oft1-8-e9 f 12 12 12 12

Mean 114.3 115.1 115.1 116.8
SI 35.4 36.0 36.0 35.9

4 169 0965-89 u 9 11 11 12
meaon 73.6 83.6 96.9 83.0
SD 46.6 48.0 4".4 45.5

5 1511 A554-89 u 10 10 9 12
S57.2 88.4 i09.9 82.5

I 8 37.3 46.6 38.5 36.9

6 1509 03-SO 1 12 12 12 12
mean 6.9 9.5 10.8 9.1
30 3.6 5.7 6.6 5.0

I 1621 lc61-W9 1 12 12 12 12

0ean 2.8 3.3 3.8 3.3
so 2.4 3.0 3.6 3.0

a 162a N1163-89 U 12 12 12 12
mean 6.8 8.3 10.4 8.5
so 11.6 13.7 14.3 13.1

9 1536 as$- 1 12 12 12 12
AIa 5.4 111# 17.9 11.7

46.0 15.5 18.8 11.8

10 1463 06 -•-9 0 12 12 12 12
Il A 125.3 1ZS.7 125.7 125.5

so 1.0 0.5 0.5 0.4

11 1692 314"-90 N 12 12 12 12
mean 15.1 18.3 20.3 17.9
so 14.1 16.3 17.2 15.8

12 1691 3iS-.9 0 12 12 12 12
meon 66.7 76.1 81.0 74.6
SO 37.0 38.6 35.5 36.5

13 1689 3""-90 8 12 12 12 12
M•en 70.4 78.3 86.0 77.6

so 38.3 39.3 39.7 38.8

14 1690 3"7.90 1 12 12 12 12
Mean 18.1 19.9 21.6 19.5
SO 7.6 9.3 8.8 8.2

Score - Mean time to ro.tative irvibitiot reves

S a e
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MNEF tASK 89-03, PHASE 1
PANKING OF CANOIDATE TOPICAL PROTECTAMTS

IhOE'tED BY TIME (min) AFTER DOSING VX tO SPECIF!C AChE
IkdNIl'TION LEVELS IN IECEPTOR FLUID RELATIVE TO CONTROL CELL

Order
of ICD Rel•ptlv In ion 11v GrouPing (Mean$ wi•h the

4e0ork No. m9EF No. 0.25 0.50 0.75 $¢nre samis letter are eqivatevit)

1463 oP56-.9 a UZ 12 12 12
MEAq 125.3 125.7 125.7 125.5 A
So 1.0 0.5 0.s 0.4

2 1465 0P41-89 1 12 12 12 12
MEA 114.3 115.1 115.1 114.8 A 1
so 35.8 36.0 36.0 35.9

3 14"6 O0P2-89 4 12 12 12 12
NELN 78.1 69.4 89.7 85.8
18 45.7 46.%. 46.1 44.2

4 1469 0005-89 a 9 11 11 12
MAN 73.6 83.6 94.9 8.0 C
so 46.6 48.0 44.4 4s.5

S 1511 .r,* -9 m 10 10 9 12
MEA 57.2 8,.4 100 9 82.5 C
S 37.3 4,.6 38.5 36W9

S 16,69 SIN,6*-90 N 12 12 12 12
MEN.A 70.4 71.3 84.0 77.6 C
so 74.3 39.3 S9.7 38.8

7 1691 319•- ,3• N 12 12 12 12
*RAN 66.7 76.1 81.0 74.4 C
1s 37.0 3SdA. 35.5 36.5

S 1490 3•47-90 , 12 12 12 12
WE" 18.1 19.9 21.6 19.9
S0 7.6 8.3 8.8 8.2

9 1492 3m64-9go N 12 12 12 12
*EAN I5.1 18.3 20.3 179 0
o 14.1 16.3 17.2 15is

10 1".7 004ý3-8 1 11 IZ IT1
W-4 13.3 17.9 20.9 M, 0
s .S.? i .5 $."

11 1536 "Is5 - W a 12 1 2 12 12
* 1 5.4. 11.8 17..9 11.?

so 4.0 1s5. 118.8 11.8

12 1509 WSJ-" ¶ 12 12 12 12
W-" 6.9 9.5 10.8 9.1 0
so 3.4 5.7 6.4. 5.0

13 1623 M1&S3-89 U 12 12 12 12
MIA 4 6.A 8.3 10.4 8.5

14 11.6 13.7 14.3 13.1

14 PG 54%0 133 136 136 136
WEAI 3.0 3.8 4.8 3.9
so 8.7 10.1 11.3 9.9

15 1621 8"11-89 is 12 12 12 12
MEAN 2.8 3.3 3.8 3.3 0
so 2.4 3.0 3.6 3.0

Score t Meam time to re',ative inhibition levetl
:SID * Standrrd deviation
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TAUl 0-43. PWASI L. Ni Y!'. STATIS77CS

U AiU ll M 33 WMZ~rA MAL

31864 24 U. 1 8.3 as ft

3MB-19 14 a.# 0.868 is

-~ 24 83.3 1.8 a 6

jW-u 24 8U.4 2.9 0 a

@=3-a 24 ".A 11.8 8

as&3-" 24 "8.# 346 0 T

wt-w 24 87.3 1.5 Ii is

P*tU 24 a8.@ 6.4 To7

0%40-. 24 03.3 1.? sl 74

WU-WA at a14s1 6

XWO- 24 63.S 2.868 U

U66-0 24 .68. 18.3 $I a

1U3-0 24 47.1 3.8 61 it

mu-U 24 M7. 7.8 a7 #7

paS$a 171 #6.a 4.1 a 71
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TASK 89-03, PMASIE 1, 14 Vhf), Too
STATISTICS FCA ABSCCL.TE RES 9iD CELL

I) AC)hE ACTIVITY (L/fft) SY TINE

IrPr 1or, ty blo. NftEF No. af m 7in -S in 3.0 mn 60 mmn 1.0 min. .. mri

0 - IEG540 '6 175 171 174 1711 1746 t6
NWIn 1.94 1.96 1.31 0.81 0.62 0.59
so. 0.33 0.39 0.60 0.55 0.45 0.43

1 1466 OA462- 89 4 24 24 24 24 kl a
mean 1.8" 1.80 1.70 1.55 1.33 0. A
so 0.32 0.4s 0.361 0.31 0.45 W.4'6

2 14.4? 0114 3-8 at 24 23 23 24 23
mean ~ 1.38 1.90 1.32 1.03 0.11i 05.4
so 0.23 0.31 0.73 0.73 0.0? 0.4?

3 1"s45 t .04 9 v 211 A4 24 24. 24 a
Nean 1.9? 1.87 1.7N 1.41 i.35 1.14
so 0.34 0.30 0.38 C.34 0.51 0.51

4. 14.69 "*45-89 % 24 246 246 Z4. V a
Nleal 1.81 1.76 1.60 1.71 1.52 I."
so 0.27 0.23 0.22 0.32 0.32 0.4?7

5 1511 WAS.4-9 8 24 2' 24 24 Z4 a
Moon ~ 1."9 2.04 1.89 1.F3 '.s7 1.!s
so 0.29 0.4.0 0 42 0.41 0.42 0.44

4 150 11153-3.9 4 246 24 24 21( 24 8
mean 1.94 1.94 0.31 0.14 0.13 0.09
so 0.34 0.4.0 0.31 0.14 0.11 0.12

16I21 AIc-00 It 24 24 24 24 2'6 8
"Nan .9 1.9s 0.311 0.42 0.17 0.25

3 . .5 0.71 0.38 0.14 0.25

a 1423 NSW-3. w A4 2 24 24 24, 6
vow l 1.99 1.91 0.T10 0.04 3.06 0.03

50 0.34 139 0.10 0.09 0.10 MaZ

9 ?5%6 N15i-59 11 h 20. Ž411 24. 24 a
NOlan I 1 1.5 0.77 0.34 a. 2 T 0.25

3 ~ 23 0.3 059 0.32 0.13 0.10

10 1".3 DO%-"9a 24 24 24 24 24 a
Nel 1~ 1.30 0.54 0.14 0.14 0.11

MI 0.2.4 6.27 0.33 0.09 0.01 0.12

11 '492 V%4 - go U 24 24 24. 246 24 a
5., 2.14 2.13 1.&$ 1.41S 0.91 0.87

0.29 0.0 .2y 0.59 0.54 0.55

1) 1491 Uft 23o 23 23 22 23 1
NeAlm 2.34 2.5 1.21 0.73 0.511 0.1
so 0.35 0.A 8.44 0.53 0.463 0.52

13 I(A9 3w" -90 a 24 Z2 24 23 24 8

Mello 2: 2.1 1.74 1.2 o.1 1.10

14 140 3W -00 a 24 22 24 24 2f. 8
1110401 2.14 2.15 1.31 0.87 0.5.4 0.66

SD 0.33 0.31 6.73 0.41 0.4" 0.7?
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TASK 89-03, PHASE 1, IN VIVwo, TC.
STATISTICS FOR RED RED BLOOD~ CEL

ACA(E ACTIVITY (%) 81 TIME

IC ico $hPLtE T~ RFLATbE TO 00SINC r0

Prioriy #40. iEf No. -S al 30a~ 60 min 120 aIM 24 hr

0EG P0540 v 175 174 1M 174 54

Mana 100.8 67.4 45.8a 32.6 30.4
r SD 13.17 29.3 28.8 2'..2 21.7

I .. 04.2-89 4 24 24 246 21 1
mean 94.9 91.r 03.5 73.4. 25.1
SD 15.2 18./ 19.S 27.3 22.6

2 1"67 0#43 -8 0 23 23 24 23

so 16.0 39.5 38.3 34.1 26.6

3 1"s5 0041-09 1 24 24 24 24 a
mean 96.1 92.0 57.1 70.2 0.8.8

* 14.0 17.8 21.5 28.6 33.6

4 1"9 0945-8 a 24 24 24 24 8S
**on' 96.0 94.0 95.11 114.2 85.3
a 12.3 14.3 20.6 15.1 2.3.1

5 151 hS48 24 24 24 24 1
ft&9i 103.3 94.8 W6S 78.9 68.9
so 13.3 146.7 14.3 20.5 13.0

4 1509 063-89 1 246 24 24 24 4
"an~ lM.5 20.0 8.1 e.6 4.4
so 14.4 20.0 6.8 6.1 6.1

F 1621 c61-8 4 246 24 24 24 Al
"-won 100.3 41.4 22.3 9.13 15.0
a 13.1 34.0 21.1 9.2 17.9

09623 3143-n9 a 24 24 24 24 8
MRe 97.5 S.2 3 3 3.5 1.3
3o 12.9 5.6 5.2 5.7 3.8

IS ~136 NW53-9 is 23 24 24 24 a
aftio. 100.8 0%.9 18.2 15.0 12.4
5o 7.8 29.9' 14.8 6.4 S.46

10 1,664 oo*4-8 ff 206 24 24. 2'. a
meain 97.9 29.8 8.8 7.4 6.1
so 13.? it.& 5.3 6.2 6.7

11 166 3WA&-6 0 24 24 24 24 a
new ".9.4 79.5 70.4 4&.8 37.3
so 12.6 14.5 27.6 25.6 23.3

12 i16 3"s -9 a 23 23 22 2U a
ftf 101.? 63.3 38.4 24.7 31.1
* 1$.? 21.2 24.8 . 20.0

13 1688 Jft&-9 6 22 24 23 24 9
MaR 104.4 82.9 59.4 4~.0 55.5
Ill 14.2 23.0 27.0 30.3 32.2

100 i S -,79 a 22 24 24 24 8
Mmdii 96.0 61.6 Q0.4 26.8 26.8

IS1.3 13.8 26.9 22.3 31.6

Stl4 t~ta



t ASj( S-03. PWASE 1 V! TC.O

I I 09MA4.- 89 a 9
ft91. A
so.

L.-9 "u*s I 41.3.
1" DO's 3I $90 0 24.

Nw,7. . AS

4, 14 OQ 1

71.2 A 0

moa 39.S3

so 1 t .

"-a 21.2 A

- 1 1601 DO$ 90 s25

4.1.2

10 1421 ]"?-90 a 24.
4.1.4. a S

33.8
11 1509 ms53-8 4 24.

10. 12 KA ofE2

34.

*13 1443 U0105689 246

4 Is 2
B-.0



TASK 89-03, PW4ASE 1, IN V[.O IC.0
RAWXIWG Of CAN.01ZATE TOPICl PROTEC'ANIiS

INDEXED SV IELAUTIv RED &LOO ACJhE ACT ITITY (I.)j ~AT 60 MlIN

Orde ofICD rouing(Meams with the s&ni

Mrean No .C MEEF Wo. 60 aiR totter are equi'vattrt)i i 1469 MO5- 89 ii 21.
Mean 9s5.8
so. 20.8

Mean A S

3 sl 151 A54-89

5 10 1M6.30 2

4 lag2 SM6-40 4 Z6
70 5.4 c C a

Neal 59.6 C1 0

7 16CA R*?3-8 Is 2
""50 0- 4

* ~ ~ s Z4 9154 i

Neal 65.8- 22

9 ~ ~ ~ ~ 3 160~i-@ U~4.

12 61u )Wss-n i 22

is 111036 0 41SW i 24
Meol .16. G

so 6.9

162 wwe.,9 81.8

me., 3.1
6 1 US.2

B-14



TAUE 89-03, PHASE 1, IN VIV1I, TOO
RAMEING Of CANDIDATE TOPICAL. PROTECTANYS

lkaOIXE &Y IELATIVE RED ILO CELL. AChE ACTIVITY (t)I] At 120 x:M

Order of lCO Grios.*ng (MeansI with the~ saW
%*am "I ~ F we. 120 main tatter are equiivatent)

1 1469 WFS.09 m 2A
mean 84.2 A
Sp 15.1

789 A

14 p ¶69 3 4-90 0

a 149 ~490 U24

so 2.6

7 1692 INW.90 U 23

mom~ 44.0

ma P934 aa

0 2U.2

Na.'26.8 a c

10 141111 v"S-" U 23
loom" 24.? IT I c

11 1336 4655-ff a 24
fts" is. C 0

'2 1421 Dr41.1 - U 24
moon 9.0 C 0

13 IS09 INS31-SI' 24*

14 1163 IMA410 24
Mew' .4 C S
* 4.2

B-Is
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SiMKEF TASK 89-03, PHASE I IN VIVO, TGO
STATISTICS FOR MEAN RELATIVN ACTIVITY
ACAOSS 30-, 60-. AND 120" HIM SA•PLES

Order of ICO MAEF Gros.ing (Means with the
Mea . me. saw letter are equivaiernt)

1 1469 OP41-119 N 24
Mean 0.913 A
S5t 0.1£6

2 1511 mm-09 4 24
M~ 0.867 A I
so 0.1"4

3 1465 O1i-89 N 24
mewn 0.831 A C
so 0.200

4 14•4 OK2-9 N 21
Mean 0.824 A I Ci sD 0.205

S 169Z in"4 -90 U 24
Meolw 0.656 S C 0
WD 0.2093 4 16,9 IK3- W U 23
Men 0.615 c a I
so 0.241

16? O3 ,- No a 22
M*an 0.564

a 0.355

m 940 1 N 173ften 0.:,8
W 0. 25

I 18 0.2504

Mean 0.430 a I
a8 0.2"4

l c 10,1 3i3 -•0 N 22
Mew. 0.:414 a

11 154so 0.194

11 156 as's$-39 a 24
fl 0.250 F C9 0.159

12 1621 AI-81 N 24
mean 0.242 p G
s a.20S

13 14 63 0 -s u 24"aem 0.153 G
so 0.041

i14 1340 061-10 i 24•

s 0.1106

mean 0.0/,0 G
so 0.051

B-16
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NBEF TASK 89-03, PHASE 1,
EVALUATION OF CANOIOATE TOPICAL PROTECTAI$TS

FOB POSSIBLE ANTI-AChE EFFECTS
INDEXED IT RED BLOOD CELL AChE ACTIVITY (U/tiM)

At 65 ANO 5 MINi BEFORE DOSING

Testing ICO ,MF'I~e T!7 lq te1 ivt To ;qsirg TGD Paired
Priority so. MKIF go. -65 um -5 am 0iffere*ces**

PIG S40 1 I1 175
me 1.96 1.96 0.00
sor 0.33 0.39

1 146 842 -89 ii 24 24
Moan 1.89 1.80 0.09

0.32 0.45

2 1"67 0P3-S9 A 24 23
Mean 1.68 1.90 0.01
to 0.23 0.38

3 ~ O4 24 24

S6 1.91 1.8f? 0.10
so 0.36 0.30

7 1621 W6S-9 B 24 24
"am 1.91 1.76 0.05
a 0.27 0.28

1511 0154-091 24 24
mm 1.99 2.06 -0.07

9 15 O M813- B 2" 24
M 1.96 1.96 0.00
0 6.28 0.30

1 1621 43 I1-9 u 24 24
m 1.96 1.8" 0.05

so 0.•0.45t

0619M163.-" 24 24
l 1.94 1.93 1.06

* 0.36 0.39

1 1536 mws5-90 24 24
as 1.11 1.13 -0.04
a0 6.35 0.40

13 1663 oo56-" u 24 22
man 06 1 80 0.0s

11 160 3 6-90 0 24 21
MNORt 2.16 2.13 0.01

12 1691 3%115-90 II 2 23
1.. 2.04 2.05 -0.02

10 0.35 0.60

13 1689 ]IM16-91 u 24 22
Olo 2.09 2.16 -0.04
0 0.36 0.43

fe 2.16 2.15 0.07
s 0.33 0.31

"S tanIdard dev iation.

Nlorw k'e significanst (P t 0.05. tKh-$iU apd).
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EVALUATION Of CIA40DT TOPICL POOTECTANTSS~FOiR POSSIBLE[ LONG'TERN DELAY OF TGD PENlETRATION
SPll Ib~lMEW 91 lED BILOW CELL AChl RELATIVIE ACTIVITY (Z•)

J ~AT 120 "IN AND 40 NOt AFtTER DOSING

STestingl ICO) S;7 1[e Timw 1#e(at'v Tg Dosing TQO PairedPriority N E go. 5 ; W hr Differences**

TePtg I 5" u 177 56mm 32.6 30.4 2.0

So* 2.2 21.7

1 4 0P2 -8 N 21 1"*aI• 73,4 25.1 30.0**
m 21.3 U2.6

2 147 WP43-" U 23
PqeM 660 26.0
U 32.5 13.6

i 1"s. W41_ - m 248
"an 70.2 66.8 21.8
so 23.6 33.6

6 1509 f53-i9 0 2a
I wa n .8 -2.6
0 2.3 6.1

1611 MA4-0ff I 26 8"*am 78.9 68.9 17.S

so 20.5 15.0

15s" i063-49 m 24 8
*W 6.8 4.4 -0.9

t. 6.1 6.17 1621 AII1 -49 m 26 8

r 9.4 MO. -3.7
so 9.1 17.9

fW 3.5. 1.3 .
Il .? 3. a

9 1536 A15549 a 24 8
e t 15.0 12.6 6.1

I 6.4 5.4

10 1434$- 21 .4 a, .

MO 26 48 01In 4 .2 6 : 1 '

111 10 ]NOW" 0R•9 24 8
me n 6.8 37 ..33 25.6 23.3

12 1691 3P5-90 I N p

Uq 24.67 31.1I s 18.5 20.0

13 16W 14661 u 26 8
nMOM 65.0 55.5 -1.0
s 30.3 32.2

16 1690 3M17- 9 0 26 8
mean 26.8 26.8 -6.0"*
so 22.3 31.6

S*tifidard devietion."I$•'g.f¢aint (P 4 O.05. two-sided) paired diffloeme.

L,
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IASI( 89-0s, PU4SE 1, ViV , WO STATISTICS

UNIEEM APPtICATION A4 DOSIMG

Candidtet Topieai prozclant3 Wow Time (*mu)

N MEAN 5O MINIIUM MAXIMM3Se49 2 62.3 3.9 64 71)

~W*0 24 62.4 3.4 60 6932M* ~ .4 62.4 3.6 60 64

NW?-9 24 63.0 4.3 60 ?a

MI -S9 24 "A. 21.0 60 119

lowd~-" Z3 77.0 12.0 54 9

"41~-eo 21 79.' a.? S41 1f.-19 24 72.$ 7.6 65 94

oft-# -p 24 74.3 6.4. 62 8

WO-19 23 Wa. 12.6 65 !U 5-f 24 52.6 19.4 60 113

88.4 2 u 12.6 61. 1103NSI&3-89 26 4 21.0 60c 119

as$ -69 24 52.6 19.4 60 M1

PIG UO. 124 73.4 l10.3 34 9

Standard dseviationl.
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HAEF TASK 89-03, PNASE 1
lIN VIVO ASSESSMIENT OF CANOIDATE TOPICAL PCOTECTANTS

I•MOCAO 8y 40 LESION AREAS (sq. rmU) RESULTING FROM TNlE
EXPOSURE PERIODS

time After Oosinrg
Testing ICo MREF to Decontaminat ion
Priority No. I4. 1 hr 2 hr 4 hr

0 PEG40 S v 116 116 116
me 176.4 22M.5 285.2SOr 90.0 "5.5 122.5

1 146 0P,42-89 4 24 24 24
Lan 49.4 77.2 123.4
so 19.0 10.7 4.1.3

2 1447 OP43-19 u 24 24 24
:w 65.5 122.8 155.5
* 60.4 57.8 64.8

3 165 1 P61-89 U 21 21 21
26.0 47.2 83.0

3" 18.8 35.0 55.4

4 1460 DM5-49 U 23 23 23
mNea 19.7 "4.0 68.9
s 12.2 24.0 39.3

5 1511 5434-a9 U 23 23 23"4ee0 25.9 46.1 64.0
so 17.9 24.9 34.3

6 1509 "5-sp 23 23 23
Le 334.0 386.1 4&2.4
* 195.7 184.6 203.7

7 1621 lCI -09 2A 24 26
el 110.0 1735.6 216.3

96 57.7 79.2 89.0

a 1623 9163-49 24 24 24

e4S 4.7 474.9 545.1
so 152.7 166.4 157.0

S9 1536 "5,5-09 u 24 24 24

Neal ¶7.5 79.6 141.3
96 9.7 111.5 182.4

10 1l~d DOW4.9 a 24 24, 24

meat 62.3 107.4 157.5ID 32.6 66.5 92.7

11 1692 34W6.-90 0 24 24 24
meal 52.9 102.7 163.73 32.1 71.9 91.7

12 1691 31"65-90 0 24 24 24
Nea. 39.7 64.8 111.0
*o .29.8 37.9 60.0

13 1619 3466-.90 5 24 24 24
seao 30.3 43.6 67.3

so 16.1 25.1 46.1

14 1690 3^667 - U 24 24 24
Leen 75.2 116.8 174.0
so 31.2 57.9 80.6

* tanerd doviation.
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]'• •EF TASK 89-03, PHASE 1
Ii VIVO ASSESSA4ENT OF CA90IOATE TOPICAL PtOTECTAUTS

INDEXEO 81 .0 LESION AREAS RELATIVE TO UNPRO
T

ECTED SITE (Z)
ARSULTIkG FRO THREE EXPOSURE PERIODS

Timw After 0osir-9
Testing ] ICD MEF to OeCOntaduin•ation
Priority 4o. We. 1 hr 2 hr 4 fir Score**

0 "G 540 4 116 116 116 116
meanw 31.6 50.3 63.7 0.509
sz" 15.2 15.8 21.7 0.158

1 !466 •142 -89 i 24 24 24 24
Mean 9.9 15.3 25.8 0ý170
so 5.0 6.2 14.1 0.080

2 1467 OP43-9 Is 24 24 24 24
Mile 14.3 25.2 31.8 0.238
so 17.3 10.2 916 0.09

3 146s U1-49 b 2 2 23 21
K411 5.3 0.4 18.0 0.096

3o 3.7 5.7 14.5 0. 09

7 169 oftC$-"9 a 23 23 Z 23i an 5.1 13.2 W19 C.1•24

Na 2.6 11.0 10.2 0,C69

8 1511 MA5•-9 2 23 243 24 23
Atom ?..1 12.9 1S.9 0.1300; 5.1 10.0 14.3 0.00•

6 159 W 53-39 23 23 2 23
S37.9 32.?' 34.1 0.29)

S121 2 - 24 24 2;4 24
""ne Z6.0 21.3 41.6 0.:'06

S14.4 i2.7 31.3 0. 15

12 140l W3a4-99 x 24 24 24 24

SG 546.7 55.4 4Z.7 0. 5"

*91 1561 4"S-" pt 24 24 24

ko 11.0 16.9 28.4 0.1M•
to 12.9 IM, 22.8 G. l&A1

14 14O DOW"- 4 24 24 24 24
mea 14.9 2S.3 35.7 0.253
so .7 10.2 9. 0.l08

11 192. So" -90 a 24• 24 24 24
W& is,,. 7 29.3 43.1 0. 30
s 27.4 22.s M7. 0.1 m

12 9o 1 3.*S- aI i .s 24 24 Z4Mean 4.3 •50 26.16 0.170
g so •~.2 5.60 1. .6

13 16Mf VA4ý90I I 2 24 24 24
S72 0.46 15.6 0.11
so 3.ý 5.0 7.5 0.(Al

S14, l e.9;0 37-90 u 24 24 24 24
mean• 16.9 2&.3 Ms. 0.269
so 9.1 10.7 9.6 0.084

S* $ ~~~t a n 'd a lr d o e v i p t l a n ., i i

Meanqt4" of I-,,'", and 4.- hr rietaitv areasl, *Ao)resiod as a fraction.

J B-22
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] I•tEF TASK 89-03, PHASE 1
ORERIWG OF CAtOIDATE TOPICAL PROTECTANTS

INDEXED TY WO LESION AREAS RELATIVE TO UNPROTECTED SMI (X)
TIMIE TO DECOUTAMNIATiON: 1 hr

Order of ICO NREF ReLative Grouping (M.ans with the
Means No. No. Area &4") L Letter are c-ivawernt)

1 1469 0P45-89 N 23
mean 5.1 ASo . 2.6

2 1445 1P41-89 W 21
Mean 5.3 A I
Sa 3.7

149 3m-90 N 24fi ean 7.2 A I
so ¶3.2

M"" 7.2 A I
so 5.1

S 1491 WS-90 Im 24
"*ean 9.3 A I
so S.2

4 146 ,,.2 -89 4 24
mom 9.9 A I

-SO 5.0

1536 MSS-09 u 24
"""IA.0 A I

12.9

I"/ 0943 -9 24
W.a. 14.3
SO I' .3

9 1463 0956-l9 0 24
Nean 14.9 A a
so 7.7

,01 1690 a7O 24
mean 169 A a
SO 9.1

11 169M 364•90 a 24
mean 1-.7 A I
so 27.4-

¶7 1621 &CAI -89 0 24
Men 26.0 S c

S1) 14.4

13 Pto 4s a 116Mew 35.6 Cso 15.2

14 '509 me•3.. u 23
Me0n 79.3 0
so 37.9

15 16.2 0%163-09 u 24
Wean 1093
SD 54.7

11tandal deviationl-.



SMEAEF TAS4 89-03, PHASE I
ORDERING OF CANDIOATE TOPICAL PROTECTANTS

INDEXED lIT MO LESION AREAS RELATIVE TO UAPROTECTED SITE (•S~ TIME TO DECONITAMINATION: 2 hr

Order of lCD I•REF Retative Grouping (Means with the
Means Wo. Mo. Area ( l) $" Letter are equivalent)

1 1465 0D41-89 W 21
Mean 9.4 A
so. 5.7

2 1619 3mi6-90 m 24
Mean 10.4 A
so S.0

1511 1A54-89 11 A
-Lan 12.9 A
Se 10.0

4 1466 OfStP89 4 23
Mean 13.2 A

5 1691 3ftS -90 a 24
New 16.0 AS so $.6

6 I o - U I d4,

S 147 DP42 -9 U 24

mean 15.3 A
so 1.2

7 1536 7S-409 u 24
Mean 16.9 A

•. . so d.5

SO 14,67 OP -00 a 24

4411 25.2 A II

SI 10.2

19 162 DP56- W 0 24
New 25.3 A S
so 1.2

o 1694I W-Ml 0 24
Nea 26.3 A C
dV 10.7

11 169 3""4-g 90 9 4

mean 29.3 A ISso Z2.6

12 1621 K63I -a9 a 24
"" a 41.3 a Cso 23.7

13 PtIG W4 2I 116

mno 5,0.3

14 1509 11-89 "W 23Ma 93.3
so 32.7

q~Q I I, RS 163- 09 1 24

Mean 113.7 D
SO 55.8

*Standard deviation.
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MAEF TA$( 89-03, PHASE 1
OROERING OF CANDIDATE TOPICAL PROTECTA..tS

IdOEXID B1Y NO LESION AREAS RELATIVE TO UNPROTECTED SITE (%)
TIME TO DECONTAMINATION: 4 hr

Order of ICD MQEF Reoative Groupi•g (Means with the
Means No. No. Area () sa Letter are equivalent)

1oean 15.6 A

I I4 0PDKI m 21
Mea 18.0 A I
s 14.5

3 1511 KAS4,-j •9 Z3

"Itan 18.9 A I

so 14.3

1469 WS4-n 0 Z3
n 18.9 A I
so 10.2

S 1466 W DN-P do 24
044P 25.0 A I
3D 14.1

I & 1691 S - a 24
now66 A I
s 13.2

1536 RSS5-O a 24

mn 8. A I C
SO Z.8

I 144? K- t 1 24
S31.8 A I C

so 9.6

9 1"s 0"•6-0 a 24

Mw,% 35.7 A 5 C

10~ 15.57--Is2
I 17.5 A A C

I 9.6

.1 1692 3"64-9 111 24,

Mewn Q 3.1 C
so 17.2

12 1621 C61 -09 B 21L

"Meam $1.6 C 0
so 31.3

13 PES540 a 116

mean 63.7 0
so 21.7

i1 1509 m53-11. 9 u3
ew 116.6

SO 34.1

15 1623 PW163-89 B 24

Mean 132.9
so 62.7

Standard deviation.
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WREF TASK 89-03, PIASE 1
ORCEBING OF CAMOIOATE TOPICAL PROTECTANTS

INOEXED BY MEAN OF AO LES!0W AREAS At , Z, AhO 4 mit
RELATIVE TO UNPROTECTED SITE. EX9RESSED AS A FRACTION

Order of IC' WREF ReLative Groupiing (Means with the
Mears No. No. Area saft Letter are equivalent)

1 1465 0P41-89 0 2Z
Wean 0.109 A
so. 0.06"

2 1689 301"6- 0 a Z4
**an 0.111 A
so 0.047

3 1469 DMS5-9 a 23
"*an 0.124 A

so 0.069

4 1511 KAS4-89 0 23
Wean 0.130 A
so 0.089

1691 3MS5-90 N 24
Mean 0.170 A
SO 0.049

6 1466 OP42-89 a 24
Wean 0.170 A
SO O.08O

7 1536 %SS5-89 a 24
**&1 0.188 A
SO 0.186

8 1467 0M 3-a9 a 24
Mea 0. 2U A I
;D 0.09n

9 1",3 0'56-89 a 24
Wean 0.253 A S
so 0.10,

10 1690 3A67-90 a 24
Wean 0.269 A I
SO 0.0,0

ii W02i 314 - a0 24
Wean 0. 304 A
SD 0.11'5

12 1621 9C6I -09 24
w 0.39% S C

SO 0.215

13 $4[G540 a 114
Wean 0.509 C
so o •.

14 1509 W53-'9 a 23
"an 0.9"
so 0.299

13 1623 N$163-"9 a 24
Milean 1.186
So 0.566

-Stmwlrd deviation.
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January 9, 1991

SLTC Ou,: W. Korte, Jr., MS, COR
Battelle Columbus Operations
505 King Avenue - JM-3
Columbus, Ohio 43201-2693

Dear LTC Korte: 
Contract DAM1-17-89-C-9050

Task 89-03 Letter Report .

Attached are statistically analyzed summaries of the results from Task 89-03,
phase two studies in which rabbits were coated with a 0.1 = thick layer of a
candidate topical skin protectant (TSP) before topical application of either
1 4L of HD or 3.35 mg/kg of TGD. Phase two studies were performed as in phase
one, using either TGD or HD challenges and included either a water stressing
step to assess the TSP efficacy after washing the application site with a
quantity of water equivalent to 500 times the volume of TSP applied, or a time
stressing step (to assess the TSP efficacy after a test-specified wear period
of d hr).
A mizturv of polyethylene glycols with an average molecular weight of
540 daltons (PEG 540) was the control TSP in each test. Student's unpaired

t test (alpha a 0.05, two-sided) was performed to determine whether the
differences between unstressed versus water-stressed and unstressed versus
time-stressed TSP performance were significant.

For all HO tests, the endpoint used for statistical comparisons is the lesion
area ratio expressed as a percentage of a control lesion area (nu protection)
produced on each rabbit. From the water-stressed studies, results are
included for both a I- and 2-hr period between dosing HD and decontaminating
the dose site with a 5 percent sodium hypochlorite (NaOCl) solution.

The endpoint used to statistically assess TSP efficacy against TGD is the
inhibition of erythrocyte acetylcholinesterase (ACHE) activity expressed as a
percentage of pre-TSP application baseline activity. Blood samples were
collected at 65 (baseline) and 5 (TSP wear time - 60 min) min before
3pplication and at 30, 60, 120, and 1440 min after TGO application.

Initially, five TSPs were reconunended by U.S. Army Medical Reseirch Institute
for Chemical Defense (USAMRICD) investigators for phase two testing based on

S
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their phase one performance. However, in response to a mid-phase change
received from USAMRICO, 6 September 1990, only three of the original five TSPs
were to be tested in phase two, i.e., ICD Nos. (MREF Nos.) 1536 (MS55-89), S
1511 (MAS4-89), and 1465 (OP41-89). At the time of the request, nearly all
water-stressing tests had ýeen c:cpleted for the original five ccmpounds.
Thus, in response to the request, no time-stress studies were performed with]ICD Nos. (MREF Nos.) 1466 (OP42-39) and 1469 (OP45-89).

HO Results S

Absolute lesion area ratios for all phase two HO studies are suminarized and
presented as univariate statistical parameters in Table 1. Univariate
statistics for HO lesion area ratios (LARs) eypressed as a percentage of the
control dose site on the same rabbit are shown in Table 2. Results in the
"None" and "Time" columns for stress are from rabbits that received I AL of HO
per dose site, at either I hr or 4 hr after the TSP was spread, respectively. •
Results in the "Water' column are from rabbits that had TSP applied and then
the treatment sites were rinsed with water 1 hr prior to HO application. An
increase in the mean LAR estimated for a stressed TSP relative to its
unstressed mean LAR indicates decreased TSP efficacy. Such decreases were
considered significant (P < 0.05) depending on the outcomes uf unpaired
t tests.

Of the three time-stressed TSPs, only ICD No. 1536 efficacy wds significantly
(P < 0.05) decreased by the 4-hr time stress. The mean LAR for ICO No. 1536
increased, no stress relative to time-stressed, from 11 to 58 and 17 to
71 percent for 1- 3nrd 2-hr HO exposure periods, respectively. ICD No. 1336
efficacy was also adversely affected by water stressing, with mean LARs
increasing, no stress relative to -at2r-stressed, from 11 to 36 and 17 to
64 per-cent for I- and 2-hr hC e~posurt, periods, respectively. S

ICD No. 1466 efficacy was significantly (P < 0.05) enhanced by water-stressing
at both times to deccntamination, with mean LARs decreasirg, no stress
relative to water-stress, from 9.9 to 4.9 and 15.3 to 7.7 percent,
respectively. ICO No. 1511 became slightly more efficacious following water
stressing at the 2-hr HO exposure period (13 to 9 percent change), however the
significance here was nearly equivocal kP - 0.0462). There were no other
significant effects due to either time- or water-stressing observed for any of
the other TSPs tested against HO.

TGD Results

A univariate statistical summary for absolute rabbit erythrocyte AChE activity

results from all TGD tests is shown in Table 3. Univariate statistics for
erythrocyte AChE activity, calculated as a percentage of the baseline level in
the same rabbit are shown in Table 4. An increase in the mean activity level

2
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relative to unstressed controls indicates increased TSP efficacy, depending on
the statistical significance of the difference.

Time-stressing significantly (P < 0.05) decreasei the efficacy of 1C0 No. 1465
against TGO at the 120-min sample time; the mean relative AChE activity levels
for unstressed versus time-stressed groups were 70 and 49 percent,
respectively. However, time-stressing ICD No. 1536 apparently significantly
(P < 0.05) enhanced early protection against TGO; at the 30- and 60-min sample
times, the mean relative activity levels (unstressed versus time-stressed)
were 42 versus 64 percent and 18 versus 32 percent, respectively. Sy 120 min
the mean relative activity levels were the same.

Water-stressiny IC4 No. 1465 also significantly decreased its efficacy against
TGO, but only at the 60-min sample time (87 versus 74 percent). The benefit
of water-stressing ICC No. 1466 was not apparent until 24 hr after dosing,
when the mean activity level was maintained at 65 percent (versus 25 percent
for the unstressed controls). Pursuant to the mid-task directive limiting the
scope of this task, water-stress testing ICD No. 1469 was halted after eight
rabbits had betn used. There was no apparent explanation for why there was a
significart beneficial effect at 30 min from water stressing ICO No. 1469,
since the mean -elative activity level was 20 percent above the baseline
controls. There were no other significant effects due to either time- or
water-stressing any of the TSPs tested against TGO in phase two.

If I can he of further assistance in the interpretation or clarification of
these findings, please cuntact we at (614) 424-5ZZ9.

Si ncerely,

David W. Hobson, Ph.O., O.A.B.T.
Associate Manager
Medical Research and Evaluation Facility

OWH/cah S

Attachments

cc: COL Michael A. Ounn, Commander, USAMRICD
LTC George C. Southworth, Deputy Commander, USAMRICD
COL Douglas Reichard, MS, RAO V, USAMROC
LTC James R. Stewart, VC, USAMRICO
Ms. Ellen Mackenzie, Chief, PCM48, USAMRICD
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TASLE 1. PHASES I ANO 2, 1N VIVO, HD STATIST:CS
FOR ABSOLUTE AREA (sq. mm) BY TIME (min)
AFTER COSING HO

I

TS? Time (hr) to Tvge of Stress
IC3 No. MREF No. Deccntamination None Time Water

1465 OP41-89 1 N 21 21 22
MEAN 25.0 27.7 28.4
STO 18.8 20.9 16.9

2 N 21 21 22
MEAN 47.2 46.4 38.5
STO 35.0 24.6 22.2

1466 DP42-89 1 N 24 - 24
MEAN 48.4 - 19.-
STD 19.0 - 6.3

2 N 24 - 24
MEAN 77.2 - 29.9
STO 30.7 - 16.3 I

1469 0P4S-89 1 N 23 - 24
MEAN 19.7 - 19.1
STO 12.2 - 8.6

2 N 23 - 24
MEAN 44.0 - 33.6
STO 24.0 - 31.2

1511 MA54-89 1 N 23 22 22
MEAN 25.9 41.2 27.0
STD 17.9 29.4 17.8

2 N 23 22 22 S
MEAN 44.1 57.3 36.6
STO 24.9 21.6 22ý9

1536 MSS5-89 1 N 24 22 22
MEAN 57.5 256.4 153.8
STD 98.7 155.2 130.3

2 N 24 22 22
MEAN 79.6 311.1 253.6
STO 111.5 146.8 151.5

PEG 540 1 N 167 - -
MEAN 174.5 - -
STD 84.1 - -

2 N 167 - -

MEAN 227.1 -STD ldC. 5 -

C-4



3 2 TASK 39-633 ?A$SES I AND 2, IN .'.0,
STATISTICS FOR HO LESION AREA RATIOS (';)
BY TIME TO DECONTAMINATION

TSP Time (hr) to Tvoe of Stress

Ica No. !REF No. Cecont.amination None rime Water

1465 OP41-a9 1 N 21 21 22
MEAN 5.3 6.8 7.1
STD 3.7 4.8 4.4

2 N 21 21 22
MEAN 9.4 13.5 10.3
ST5 5.7 12.5 8.9

1466 OP42-89 N 24 - 24
MEAN 9.9 - 4.9"
STO 5.0 1.8

2N 24 - 24
MEAN 15.3 - 7.7*
STO 6.2 - 4.6

1469 0P45-•89 N 23 - 24
MEAN 5.1 - 5.0
STD 2.6 - 2.8

2 N 23 - 24
MEAH 13.2 - 10.0
STD 11.0 - 15.3 S

1511 MA54-89 1 N 23 22 22
MEAN 7.2 8.9 6.9
STo 5.1 4.0 5.5

2 N 23 22 22
MEAN 12.9 13.7 8.7*
S1T 10.0 6.0 4.3

1536 MSSS-89 1 N 24 22 22
MEAN 11.0 57.6' 35.6*
STO 12.9 23.3 24.7

z N 24 22 22
MEAN 16.9 71.3* 64.2'
STO 18.5 28.5 48.6

PEG 540 1 N 167
MEAN 40.2
STD 16.0

I
2 N 167

MEAN 52.8
STO 21.3

"Significart (P < 0.05, two-sided) effect due to stress at the respective
time to decontamination (HO exposure period).

C-5
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T-3LL: 3. PHASES I AND 1.4 [N Y','0 STATIST22
FOR ABSOLUTE 'ChE ACTIVITY (U/mt.) 6Y TIME (,-,in)
AFTER COSING rGD

TSP Sample Time (mini) Tvoe of Stress
~D N. 0 m~cF No. After Oosing None hime mater

1465 OP41-89 -65 N 24 24 23
MEAN 1.97 2.24 2.04
STO 0.36 0.32 0.39

-5 N 24 23 23
MEAN 1.87 2.22 2.01
SrO o.ýo 0.30 0.38

30 N 24 24 23
MEAN 1.79 2.01 1.84
STO 0.33 0.31 0.51

60 N 24 24 23
MEAN 1.5.8 1.70 1.49
STO 0.36 0.54 0.45

120 N 24 24 23
MEAN 1.35 1.03 1.23
STO 0.51 0.46 0.53

1,440 N 8 8 7
MEAN 1.14 1.39 1.36
STD 0.58 0.31 0.61

1466 OP42-89 -65 N 24 . 24
MEAN !.89 . 2.15
sTD X.~32 . 0.39

-5 N 24 . 24 b
MEAN 1.80 . 2.08
STO 0.45 . 0.51

30 N 24 . 24
MEAN 1.70 . 1.99

SO 0.356 0.38

60 242
MWAN 1.55 . 1.70
STO 0.31 . 0.62

120 N 21 . 24
MEAN 1.33 . 1.61
STO 0.45 . 0.64

1,440 N 8 a
MEAN 0.48 . 1.56
STO 0.46 . 0.38

C-6
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TABLE 3.
(Continued)

TSP Sample Time (min) Type of Stress
tCO No. MREF No. After Dosing None Ti-e 4ater

1469 0P45-89 -65 N 24 8
MEAN 1.81 2.22
STD 0.27 0.42

-5 N 24 8
MEAN 1.76 2.59
STO 0.28 0 . 42

30 N 24 8
MEAN 1.68 2.64 S
S,• 0.22 . 0.46

60 , 24 .

MEAN 1.71 2.42
ST1 0.32 . 0.31

120 N 24 8
MEAN 1.52 2.04
STD 0.32 0.44

1,440 N 8 . 0
MEAN 1.46
STO 0.47 .

1511 MAS4-,39 -65 N 24 24 24
MWAN 1.99 2.16 2.23
SMD 0.29 0.41 0.35

-1 24 24 23
MEAN 2.05 2.19 2.25
STD 0.40 0.43 0.45

30 x 24 24 24
MEAN 1.89 2.11 2.05
STD 0.42 0.39 0.37

60 N 24 24 24
MEAN 1.73 2.02 2.10
STO 0.41 0.46 0.44

120 x 24 24 24
MAN 1.57 1.57 1.83
STO 0.42 0.44 0.50

1,440 N 8 8 8
MEAN 1.38 1.29 1.76
STO 0.44 0.38 0.20

S

C-7

St•



TABLE 3.
(Continued)

TSP Samp1e Time (min) Tvoe of Stress
i22 'Io. ,-.F No. After Dosing None TIr,.e water

1536 MS55-89 -65 N 24 23 24

MEAN 1.82 2.19 2.!8
STD 0.28 0.29 0.37

-5 N 23 23 24
MEAN 1.80 2.25 2.21
STO 0.29 0.33 0.36

30 N 24 23 24
MEAN 0.77 1.41 0.71
STO 0.59 0.76 0.49

60 N 24 23 24
MEAN 0.34 0.72 0.37
STD 0.32 0.59 0.27

120 N 24 23 24
MEAN 0.27 0.36 0.25
STO 0.13 0.44 0.24

1,440 N 8 8 7
MEAN 0.25 0.38 0.28
STO 0.10 0.18 0.28

PEG 54G -65 N 317
MEAN 2.05
STO 0.37

-5 N 313
MEAN 2.08 .

STD 0.43

30 N 316
MEAN 1.39
STO 0.64

60 N 315 .

MEAN 0.96
STO 0.59

120 N 315
MEAN 0.64
STO 0.46

1,440 N 99
MEAN 0.64
STO 0.42

C-8

LS

S 0 S S S 0 0



TA3LE 4: PHASES I ANO 2, IN VIVO, STATISTICS
FOR AChE ACTIVITY RELATIVE TO BASELINE (')
BY TIME (min) AFTER COSING TGD

TSP Samole Time (.in) Type of Stress
1C7 io. MREF No. After Dosing None rime iater

1465 OP41-89 30 N 24 24 23

MEAN 92.0 90.7 90.8
STD 17.3 15.8 18.6

60 N 24 24 23
M-LA el 87.1 76.9 74.1'
STU 21.5 24.9 20.9

120 N 24 24 23
MEAN 70.2 49.1" 60.7
SID 28.6 22.1 26.5

1,440 N 8 8 7
MEAN 68.8 58.5 55.0

STD 33.i 14.7 21.6

1466 OP42-89 30 N 24 - 24
MEAN 91.7 - 92.0STO 18.7 - 18.5

60 N 24 - 24
MEAN 83.5 - 77.7
STO 19.5 - 21.7

.20 4 1 241
MEAN 13.4 - 73.4

S•27.3 1-3.4

1,44C N 8 - 8
MEAN 25.1 - 65.1"
STD 22.6 - 11.7

1469 0P45-89 30 N 24 - 8
!4.AN 94.0 - 119.6"
STD 14.3 - 11.5

60 N 24 - 8
MEAN 9S.8 - 110.3
STO 20.8 - 14.3

120 N 24 8
MEAN 84.2 - 91l.9

STO 15.1 - 9.2

I, aON 8 - 0
MEAN 85.3 - -

STO 23.1 - -

C-9
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TABLE -I.
(Continued)

TSP Sample time (min) Tvoe of Stress
12 No. ,ktqr No. After Oosing None 17me ,at.er

1511 MA54-89 30 N 24 24 24

MEAN 94.8 98.3 91.6
STO 14.7 10.2 9.6

60 N 24 24 24
MEAN 86.5 94.2 94.3
STO 14.3 16.5 15.1

120 N 24 24 24
MEAN 78.9 73.3 81.6
STO 20.5 17.3 17.0

1,440 N 8 8 8
MEAN 68.9 56.3 81.2
STD 13.0 13.5 11.6

1536 MS55-89 30 N 24 23 24
MEAN 41.9 63.5' 34.0
STO 29.9 30.9 25.4

60 N 24 23 24
MEAN 18.2 32.0" 17.7
STO 14.8 24.1 13.7

120 N 24 23 24
ME.AN 15.0 15.7 11 .9
STO 6.4 17.6 11.2

1,440 a 7
MEAN 12.6 18.0 15.6
STD 5.4 8.8 16.3

PEG 540 30 N 316 - -
MEAN 68.2 - -
ST 29.6 - -

60 N 315 -
MEAN 47.3 -

STO 29.0 -

120 N 315 - -
MEAN 32.0 - -

STO 23.5 - -

1,440 4 99
MEAN 31.3
STO 20.2

"Significanr (P < 0.05, two-sided) effect due to stress at t?.e respective
sample tire.
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LTC Don W. Korte, Jr., MS, COR
Battelle Columbus Cperations
505 King Avenue, JM-3J Columbus, OH 43201-2693

Dear LTC Korte:

Contract OAMD17-89-C-9050
Task 89-03 (Phase ThreeY Letter Report

The attached document is a statistically analyzed, summary of the results from
Medical Research and Evaluation Facility (MREF) Task 89-03 Phase Three studies
in which rabbits were treated with a 0.1 mm thick layer of a candidate topical
skin protectant (TSP) before challenge with either I uL of HL, 1.35 mg/kg of
GD or 0.30 mg/kg of VX. The summarized test results from phases one and two
have been previously reported. MREF Task 89-03 phase one studies were

i performed using both i_.in i and i vivo procedures. Phase one in vitro
tests were performed using GD, TGO, and VX challenges an. phase one in yivo
tests included challenges to either HO or TGD. Phase two studies were
performed in vivo only with HO and TGD challenges and included either a water

-stressing step in order to assess the TSP efficacy in a high-moisture
environment, or a time stressing step in order to assess the TSP effiuacy
after 4-hr wear period. In all phases, the rabbit has been the animal -node,

Sused for in vivo testing, and the control TSP has been a mixture of
polyethylene glycols having a mean molecular weight of 540 daltons (PEG 540).

The mixture of HD and L used to produce HL was 75 percent HO and 25 percent L
by volume. The endpoint reported fur HL tests is the lesion area expressed as
a percentage of a control lesion area (no protection) for each rabbit.

The endpoint reported fur GD and VX is the red blood cell acetyicholinesterase
(AChE) activity expressed on an individual innimal basis, as a percentage of
pre-TSP application baseline value. Blood samples were collected at 65
(baseline) arJ 5 min before application (-65 and -5 min, respectively) and at
30, 60, 120, and 1,440 min after application of agent. For GD, VX, and HL
tested in vivo this document includes the following information:

a. Univariate statistics on the rnw endpoint measured at each time period,
i.e., red blood c311 acetylcholinesterase (AChE) activity (U/mL) fur GDiI•and VX, and lesion area (mm) for HL. In accordance with MREF1Protocol 58, animals that died before a blood sample was collected, were
arbitrarily assigned an AChE activity value of zero for post-mortcm
Collection periods. The number of dead animals are indicated in
parenthesis in TAble 9 for VX challenge (none died from GD challenge).

0-]
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I]
b. Univariate statistics cn the relative endpoint calculated at each time

1 period, i.e., red blood cell AChE activity divided by the baseline value
(%) for GO and VX, and lesion area divided by the unprotected control ;ite
lesion area (%) for HL,

c. Descriptive statistics on the relative endpoint at each time period,
ordered from apparent most to least effective.TSP. These tables identify
groups of TSPs having statistically indistinguishable means, determined by
analysis of variance with the least-squares means method (Statistical
Analysis System General Linear Models, or SAS GLA, procedure.) In each
case the decision level was set at alpha - 0.05.

3 d. Descriptive statistics on the mean relative endpoint averaged across time
periods by rabbit, expressed as a fraction, and ordered from apparent most
to least effective TSP; this table identifies groups of TSPs having
statistically indistinguishable means, determined by analysis of variance
(alpha - O.OS) with the least-squares means method (SAS GLM procedure).

e. For GO and VX only, descriptive statistics and paired t-tests to determine
the effect of each TSP on rabbit AChE absolute activity from just before
TSP application (-65 min) to I hr later (-5 min).

I f. For GO and VX only, descriptive statistics and paired t-tests to determine
whether rabbit AChE relative activity levels changed from 120 min to 24 hr
after dosing. In these tables, the paired differences are generally not
the same as the differences between the 120-min and 24-.hr mean levels
shown. These diffirences are due to the fact that on only one of the
three rsllcate days were the rabbits held for Z4 hr, so paired3 differences were daterminto for only eight rabbits and not for all Z4.

Results of i Vivo Telts involvingGD 5(Tables 1-81

i Performances of the PEG 540 control and three TSPs Lested in Phase Three were
statistically (P < 0.05, two-sided) distinguishable when tested against GO.

At each of the three blood sample times immediately after dosing, ICD
Nos. 1465 and 1511 were statistically superior tu ICD No. 1536 and PEG 540 in
sustaining protection against AChE inhibition. The lowest mean relative AChE
activity level estimated for ICO No. 1511 wdi 76.9 percent of the baseline at

120 min after dosing. Mean relativ, activity levels averaged by rabbit across
30-, 60-, and 120-mim blood samole times indicated this order of TSP efficacy
against GO: ICO Nos. 1511 - 1465 > PEG S0 - ICD No. 1536.U

0-
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Paired t tests comparing pre-TSP a:olication AChE levels (-65 min) with those
"1 hr iater (-5 min) indicated no change in activity for any of the TSPs

] (P > 0.05, two-sided). Paired t tests between relative AChE activity levels
at 120 min and 24 hr indicated significant (P.< 0.05, two-sided) recoveries in
activity levels for animals receiving TSPs PEG 540 (7.8 percent) and ICD No.
1511 (13.4 percent). These differences are not equal to the differences
between the means of all ,abbits tecause they were paired by each rabbit used
in the overnight studies only.

Results of In Vivo TIrSt Involvina VX fT aoles 9-15)

The relative performnances of the rSPs were markedly different with the VX
challenge versus what was discussed above for the GD challenge. Notably, iCO
No. 1465 offered the poorest protection at all three critical blood sample
times. ICD Nos. 1511 and 1536 were statistically (P < 0.05, two-sided) better

j than PEG 540 and ICO No. 1465 at 30 and 60 min, but only ICD No. 1511 was
statistically distinguishable as superior at 120 min after dosing. Mean
relative activity levels averaged by rabbit across 30-, 60-, and 120-min blood
samp;e times indicated this order of "iSP efficacy against VX: lCD
Nos. 1511 > 1536 > PEG 540 - ICO No. 1465.

Paired t tests comparing pre-TSP application AChE levels (-65 min) with those
1 hr later (-5 min) indicated no change in activity for any of the TSPs
(P > 0.05, two-sided). Paired t tests between relative AChE activity levels
at 120 min and 24 hr indicated a significant (P < C.05, two-sided) decrease in
activity levels for animals receiving TSP ICD No. 1536 (5.2 percent). This
decrease indicated the possibility of continued penetration of VX through ICD
No. 1536 when left on the skin for more than 2 hr.

Results of in Vivo Tests rnvolving HL (Tables 17-22)

Relative performances of three TSPs and PEG 540 against HL challenge were
similar to that against GO. Topical application of ICD Nos. 1511 and 1465
resulted in the greatest protection, i.e., low mean relative lesion areas at
each of the HL exposure periods, 1, 2, and 4 hr. Mean relative area averaged
across exposure periods indicated this order of TSP efficacy: ICO
Nos. 1511 - 1465 > PEG 540 - ICO No. 1536.

Oiscussion

Based on the TSP mean performance indices averaged across exposure periods,
ICO 1511 (MREF MA54-89) performed the best against all three agent challenges,
with mean relative AChE activity levels (for GO and VX) and mean relative
lesions areas (for HL) statistically distinct from those for PEG 540 and
ICD No. 1536 (MREF MS55-89). Of the blood samples we collected, the lowest
AChE activity levels allowed by ICO No. 1511 were 1.78 U/mL at 120 min after
dosing GO (76.9 percent of the pre-TSP application baseline) and 1.33 UimL at
24 hr after dosing VX (60.5 percent of the pre-TSP application baseline).
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]
ICD No. 1511 allowed lesion areas of only 11.2 percent of those at unprotectedJ control sites.

If further clarification of these findings is desired or if I can be of any
further assistance, please contact me at (614) 424-525G.

Sincerely,

David W. Hobson, Ph.D., O.A.B.T.3� R7earch Leader

OWH/cah

Attachment

cc: COL Michael A. Cunn, Commander, USAMRICD
COL Douglas Reichard, RAO V, USAMROC
LTC George C. Southworth, MS, Deputy Commander, USAIMRICD
MAJ James Romano, MS, TAM, USAMRICD
Ms. Ellen Mackenzie, Chief, PCM8, USAMRICD
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TABLE I. MRE? TASK 39-03, PHASE 3, IN VIVO, GO
STATISTICS FOR ABSOLUTE RED BLOOD CELL
AChE ACTIVITY (U/mL) BY SAMPLE TIME1

S-ample Time Relative to Opsing GO
ICD No. MREF No. -65 min -5 min 30 min 60 min 120 min 24 hr

- PEG 540 N 44 40 44 43 44 15
'Mean 2.20 2.25 1.30 0.99 0.74 0.90
SO* 0.30 0.34 0.62 0.63 0.55 0.60

1465 0P41-89 N 24 24 23 24 24 8
Mean 2.21 2.24 2.11 1.72 1.23 1.37
so 0.35 0.38 0.39 0.55 0.55 0.74 S

1511 MA54-89 N 22 22 21 21 22 6
Mean 2.33 2.25 2.13 1.98 1.78 2.05
so 0.25 0.32 0.36 0.36 0.33 0.30

1536 MS55-89 N 24 23 24 24 24 7
Mean 2.25 2.?1 1.38 0.97 0.68 0.95
So 0.30 0.43 0.48 0.37 0.30 0.56

*Standard deviation

I S

I
I
I
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TABLE 2. MREF T.ASK 89-03, PHASE 3 UNSTRESSED TSPs, 1.4 VIVO, GD
STATISTICS FOR RELATIVE ACTIVITY (%) BY SA,ýPLE TIME

Samole Time Relative to Oosina GD
ICD No. MREF No. 30 min' 60 min. 120 min 24 nr

- PEG 540 N 44 43 44 15
Mean 59.2 44.3 33.2 39.8
SOD 26.7 25.6 22.2 24.3

1465 OP41-89 N 23 24 24 8
Mean 97.3 78.7 56.4 59.9
So 16.1 22.6 23.7 31.2

1511 MA54-89 N 21 21 22 6
Mean 91.0 84.9 76.9 83.6
so 13.5 14.1 14.5 20.8

1536 MSSS-89 N 24 24 24 7
Mean 61.0 43.3 30.4 43.2
So 18.9 16.2 14.2 25.5

"*Standard deviation

0
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TABLE 3. MREF TASK 89-03, PHASE 3, IN VIVO, GO RANKING
OF TOPICAL SKIN PROTECTANTS INDEXEO BY RELATIVE
RED BLCOD CELL AChE ACTIVITY (%) AT 30 MIN S

Grouping

Order of ICD (Means with the same
Means No. MREF No. 30 min letter are equivalent)

1 1465 DP4i-89 N 23
Mean 97.3 A
SO* 16.1

S

2 1511 MA54-89 N 21
Mean 91.0 A
SD 13.5

3 1536 MS55-89 N 24
Mean 61.0 a
SD 18.9 S

4 - ?EG 540 N 44
Mean 59.2 B
SO 26.7

"*Standard deviation 5

D
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TABLE 4. MREF TASK 89-03, PHASE 3, IN VIVO, GD RANKING
OF TOPICAL SKIN PROTECTANT5-INOEXED BY RELATIVE
RED BLOOD CELL AChE ACTIVITY (%) AT 60 MIN

Grouping
Order of ICD (Means with the same

Means No. MREF No. 60 min letter are equivalent)

1 1511 MA54-s9 N 21
Mean 84.9 A
SO* 14.1

2 1465 DP41-89 N 24
Mean 787 A
So 22.6

3 - PEG 540 N 43
Mean 44.3 8
So 25.6

4 1536 MS55s-89 N 24
Mean 43.3 a
So 16.2

"*Standard deviation

S

S
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TABLE 5. MREF TASK 89-03, PHASE 3, IN VIVO, GO RANKING
OF TOPICAL SKIN PROTECTANT3-I 'ED BY RELATIVE
RED BLOOD CELL AChE ACTIVITY (%) AT 120 MIN

Grouping
Order of lCD (Means with the same

Means No. MREF No. 120 min letter are equivalent)

1 1511 MA54-89 N 22
Mean 76.9 A

SDo 14.5

2 1465 0P41-89 N 24
Mean 56.4
so 23.7

3 PEG 540 N 44
Mean 33.2 C

SO 22.2 S

4 1536 MS53-89 N 24
Mean 30.4 C
So 14.2

"*Standard deviation •

0-9
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TABLE 6. MREF TASK 89-03, PHASE 3, IN VIVO, GD
STATISTICS FOR MEAN RELATIV- A-UTVITY
ACROSS 30-, 60-, AND 120-MIN SAMPLES S

Grouping
Order of ICD (Means with the same

Means No. MRCF No. letter are equivalent)

1 1511 MA54-89 N 20
Mean 0.836 A
S0* 0.109

2 1465 0P41-89 N 23
Mean 0.767 A
sD 0.188

3 - PEG S40 N 43
Mean 0.453 B
So 0.239

4 1536 MSSS-89 N 24
Mean 0.449
So 0.144

"*St andard deviation

D- 10
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TABLE 7. MREF TASK 89-03, PHASE 3, IN VIVO EVAIUATION OF TOPICAL SKIN'.

PROTECTANTS FOR POSSIBLE A--I--ACE EFFECTS INDEXED BY RED
BLOCO CELL AChE ACTIVITY (U/,.L) AT 65 AND 5 MIN BEFORE OOSING GD

ICO Saminle Time Relative to Oosing GO Paired
No. MREF No. -ý6 min - I mmn Difference-

- PEG 540 N 44 40
Mean 2.20 2.25 -0.01
SO* 0.30 0.34

1465 OP4 1 -89 N 24 24
Mean 2.21 2.Z, -0.03
So 0.35 0.38

1511 MA54-89 N 22 22
Mean 2.33 2.25 0.08
SD 0.26 0.32 S

1536 MS55-89 H 24 23
Mean 2.25 2.31 -0.05
SP 0.30 0.43

"Standard deviation
"None were significant (P > 0.05, two-sided)

0
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TAOL. 3. MREF TASK 89-03, PHASE 3, IN VIVO EVALUATION OF TOPICAL
SKIN PROTECTANTS FOR POSSIFE-OT-NG-TERM DELAY OF GO
PENETRATICN INDEXED BY RED BLCOD CELL AChE RELATIVE
ACTIVITY (is) AT 120 MIN AND 24 HR AFTER DOSING GO

[CD Samole Time Relative to Dosing GD Paired
No. MREF No. 120 min 24 hr Difference

PEG 540 N 44 15
Mean 33.2 39.8 -7.8*
SOD" 22.2 24.3

1465 DP41-89 N 24 8
Mean 56.4 59.9 1.4

so 23.7 31.2

1511 M.A54-89 N 22 6

Mean 76.9 83.6 -13.4v

SO 14.5 20.8

1536 MS55-89 N 24 7
Mean 30.4 43.2 -7.1
SO 14.2 25.5

"Significant (P < 0.05, two-sided) paired difference
"Standard deviation

0-12



A

TABLE 9. MREF TASK 89-03, PHASE 3, I .N VVO, VX
STATISTICS FCR ABSCLUTE RED BLCCO CELL
AChE ACTIVITY (U/mL) BY SAMPLE TIME

Sample Time Pelative to Dosimo VX
NCD NJo. MREF No. -65 min -5 min 30 min 60 min 120 min 24 hr

PEG 540 N (N dead) 46 44 46 46(l) 46(7) 12(9)
Mean 2.18 2.25 0.98 0.48 0.24 0.22
so* 0.33 0.36 0.69 0.47 0.22 0.34

1465 OP41-89 N (N dead) 24 24 24 23(3) 24(12) 8(8)
Mean 2.12 2.07 0.84 0.34 0.23 0.00
SO 0.32 0.36 0.73 0.53 0.54 0.00

1511 MAS4-89 N (N dead) 23 23 23 23 22(l) 7(l)
Mean 2.29 2.19 2.05 1.67 1.47 1.33

SO 0.35 0.41 0.51 0.64 0.74 0.89

1536 MSS5-89 N "N dead) 22 21 ?2 22 22 7(5)
Mean 2.22 2.32 1.81 1.16 0.56 0.22
SO 0.42 0.49 0.54 0.71 0.50 0.39

*Standard deviation

0-13



TABLE 10. MREF TASK 89-03, PHASE 3 UNSTRESSED TSPs, IN VIVO, VX
STATISTICS FOR RELATIVE ACTIVITY (%) BY SAPL-FTTME

Samole Time Relative to Cosin* VX
IC0 No. MREF No. 30 min 60 min 120 min 24 nr

PEG 54n N 46 46 46 12
Mean 44.6 22.3 10.9 11.1
SDO 30.5 21.9 10.5 17.4

1465 OP41-89 N 24 23 24 8
Mean 38.8 16.1 10.6 0.0
so 34.5 25.0 24.6 0.0

1511 MA54-89 N 23 23 22 7
Mean 90.0 72.8 62.7 60.5
SO 18.5 24.3 29.9 33.6

1536 MS55-.•9 N 22 22 22 7
Mean 81.8 53.6 25.7 10.9
so 20.1 33.4 21.7 18.6

"Standard deviation

0-14 d



TA3LE 11. MREF TASK 39-03, PHASE 3, IN VIVO, VX RANKING
OF TOPICAL SKIN PROTECTANTS-TI,(ED BY RELATIVE
RED BLCOD CELL AChE ACTIVITY (%) AT 30 MIN

Grouping
Order of ICD (Means with the sane

Means No. MREF No. 30 min letter are equivalent)

1 1511 MA54-89 N 23
Mean 90.0 A

So* 18.5

2 1536 MS55-89 N 22

Mean 81.8 A
So 20.1

3 - PEG 540 N 46
Mean 44.6 B
so 30.5

4 146j 0P41-89 N 24
Mean 38.8 B
so 34.5

*Standard cev-ation

0
:1
*1

] 0-15
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J TABLE 12. MREF TASK 89-03, PHASE 3, IN VIVO, VX RANKING
OF TOPICAL SKIN PROTECTANT-I-DEXED BY RELATIVERED BLOOD CELL AChE ACTIVITY (•) AT 60 MIN

IGrouping
Order of ICD (Means with the same

Means No. MREF No. 60 min letter are equivalent)

1511 MA54-89 N 23
Mean 7Z.8 A
SoD 24.3

2 1536 MS55-89 N 22
Mean 53.6 A
so 33.4

3 PEG 540 N 46
Mean 22.3
So 21.9

1465 DP41-89 N 23
Mean 16.1
SO 25.0

*Standard deviation

D- 16
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L ... T',BLE 13. MREF TASK 89-03, PHASE 3, IN VIVC, VX RANKING
OF TOPICAL SKIN PROTECTANTS INOEXED BY RELATIVE
RED BLOOD CELL AChE ACTIVITY (%) AT 120 MIN

GroupingOrder of ICD (Means with the sameMeans No. MREF No. 120 min letter are equivalent)

j
1 1511 MA34-09 N 22

Mean 62.7 A
SDo 29.9

2 1536 MS55-89 N 22Mean 25.7
SD 21.7

3 PEG 540 N 46
Mean 10.9 8
So 10.5

4 1465 OP41-89 N 24
Mean 10.6 B
So 24.6

*Standard deviation

I
I
i

I
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TABLE 14. MREF TASK 89-03, PHASE 3, IN VIVO, VX
STATISTICS FOR MEAN RELATIV- A-TIVITY
ACROSS 30-, 60-, ANO 120-MIN SAMPLES

Grouping
Order of IC0 (Means with the same

Means No. MREF No. letter are equivalent)

1 1511 MA54-89 N 22
Mean 0.749 A
SD" 0.221

2 1536 MSSS-89 N 22
Mean 0.537 a
so 0.237

3 - PEG 540 N 46
Mean 0.260 C

So 0.199

S4 145 0P41-89 N 23
Mean 0.223 C
SD 0.253

*Standard deviation

I
I

U
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TABLE IS. MREF TASK 89-03, PHASE 3, IN VIVO EVALUATION OF
TOPICAL SKIN PROTECTAILTS FN PO-SSIBLE ANTI-AChE
EFFECTS INDEXED BY RED BLOOD BLOOD CELL AChE
ACTIVITY (U/mL) AT 65 AND 5 MIN BEFORE DOSING VX

I

ICD Samole Time Relative to Dosinc' v Paired
No. MREF No. -65 min -5 min Difference*

I S i

- PEG 540 N 46 44
Mean 2.18 2.25 -0.08SSDo" 0.33 0.36

1465 OP41-89 N 24 24
Mean 2.12 2.07 0.05
so 0.32 0.36

1511 MA54-89 N 23 23
Mean 2.29 2.19 0.10
So 0.35 0.41

S
1536 MS55-89 N 22 21

Mean 2.22 2.32 -0.07
sD 0.42 0.49

*None were significant (P > 0.05, two-sided)
"**Standard deviation S

D-19
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TrASLE 16. MREF TASK 89-03, PHASE 3, IN VIVO EVALUATION OF TOPICAL
SKIN PROTECTANTS FOR POSSI'F L-7O-NG-TERM DELAY OF VX
PENETRATION INDEXED BY RED BLOOD CELL AChE RELATIVE
ACTIVITY (%) AT 120 MIN AND 24 HR AFTER DOSING VX •

ICD Samole Time Relative to Dosing VX Paired
No. MREF No. 120 min 24 hr Difference

- PEG S40 N 46 12
Mean 10.9 11.1 -3.5
So* 10.5 17.4

1465 nP41-89 N 24 8
Mean 10.6 0.0 0.4 •
SD 24.6 0.0

1311 MA54-89 N 22 7
Mean 62.7 60.5 -0.8
So 29.9 33.6

1536 Mi5-89 N 22 7
Mean 25.7 10.9 5.2w
So 21.7 18.6

"*Standard deviation
"*'ignificast (P < 0.05, two-sided) paired difference •

I

S
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TABLE 17. MREF TASK 89-03, PHASE 3 IN VIVO ASSESSMENT OF

TOPICAL SKIN PROTECTANTS TW-hXED BY HL LESION
AREAS (sq. nmm) RESULTING FROM THREE EXPOSURE PERIODS

Time After Dosing
to Decontamination

ICD No. MREF No. 1 hr 2 hr 4 hr

- PEG 540 N 23 23 23
Mean 253.0 371.5 361.8
so* 118.4 117.4 140.1

1465 0P41-89 N 23 23 23
Mean 161.1 2E8.7 344.0
So 159.9 198.9 263.1

1511 MA54-89 N 24 24 24
Mean 119.0 175.6 199.1
So 94.2 151.7 126.4

1536 M555-89 N 24 24 24
Mean 302.0 444.6 542.9
so 116.6 199.1 167.1

*Standard deviation

I2
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TABLE 18. MREF TASK 89-03, PHASE 3 IN VIVO ASSESSMENT
OF TOPICAL SKIN PROTECTAN7 TIN-O.XED BY HL
LESION AREAS RELATIVE TO UNPROTECTED SITE (0)
RESULTING FRCM THREE EXPOSURE PERIODS

Time After Dosing
to Decontamination

ICO No. MREF No. I hr 2 hr 4 hr Score**

- PEG 540 N 23 23 23 23
Mean 21.58 33.89 32.49 0.293
SOD 9.42 18.29 16.48 0.136

1465 OP41-89 N 23 23 23 23
Mean 12.10 20.87 26.45 0.198
So 10.45 12.68 17.92 0.127

1511 MAS4-89 N 24 24 24 24
Mear 7.99 11.90 13.63 0.112
so 6.59 10.08 8.45 0.065 S

1536 MS55-69 N 24 24 24 24
Mear 22.13 31.65 38.42 0.307

SD 11.51 15.71 14.30 0.124

"Standard deviation
"Mean of 1-, 2-, apd 4-hr relative areas, expressed as a fraction

0

S

0-22
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TABLE 19. MREF TASK 89-03, PHASE 3 ORDERING OF TOPICAL SKIN
PROTECTANTS INOEXED BY HL LESION AREAS RELATIVE TO
UNPROTECTED SITE (N) TIME TO DECONTAMINATION: 1 HR

Order of ICD MREF Relative Grouping (Means with the
Means No. No. Area (%) same letter are equivalent)

1 1511 MA54-89 N 24
Mean 7.99 A
So* 6.59

2 1465 OP41-89 N 23
Mean 12.10 A
SO 10.45

3 - PEG 540 N 23
Mean 21.58 8
50 9.42

4 1536 MS55-89 N 24
Mean 22.13 3
50 11.51

"*Standard deviation

0-23
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TABLE 20. MREF TASK 89-03, PHASE 3 ORDERING OF TCPICAL SKIN
PROTECTANTS INDEXED BY HL LESION AREAS RELATIVE TO
UNPROTECTED SITE (%) TIME TO DECONTAMINATION: 2 H!

Order of ICI MREF Relative Grouping (Means with the
Means No. No. Area (%) same letter are equivalent)

1 1511 MAS4-89 N 24
Mean 11.90 A
So* 13.08

2 1465 OP41-89 N 23
Mean 20.87 A a
So 12.68 S

3 1536 AS,55-89 m 24
Mean 31.65 B C
SO 15.71

4 . PEG 40 N 23
Mean 33.89 C
So 13.29

*Standard deviation

0

0

(I
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TABLE 21. MREF TASK 89-03, PHASE 3 ORDERING OF TOPICAL SKIN
PROTECTANTS INDEXED BY HL LESION AREAS RELATIVE TO
UNPROTECTED SITE (%) TIME TO DECONTAMINATION: 4 HR

iS

Order of ICD MREF Relative Grouping (Means with the
Means Nc. No. Area (%) same letter are equivalent)

1511 MA54-89 N 24
Mean 13.63 A
So* 8.45

2 1465 0P41-39 N 23
Mean 26.45 S
.cD 17.92

3 PEG 540 N 23
Mean 32.49 C
So 16.48

4 1536 MS55-89 N 24
Mean 38.42 C
So 14.30

"*Standard deviation

F
iS

0-25
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TABLE 22. MRET TASK 89-03, PHASE 3 ORDERING OF TOPICAL
SKIN PROTECTANTS INDEXED BY MEAN OF HL LESION
AREAS AT 1, 2, and 4 HR RELATIVE TO UNPROTECTED
SITE, EXPRESSEO AS A FRACTION

Order of ICO MREF Relative Grouping (Means with the
Means No. No. Area same letter are equivalent)

1 1511 MA54-39 N 24
Mean 0.112 A
SO* O.C65

Z 1465 0P41--d9 N 23
Mean 0.198 A
So M.i27

3 - PEG 540 N 23
Mean 0.293 B
So 0.136

4 1536 MS55-69 N 21
Mean J.307 8
SO 0.124

"Standard deviation

0-26
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APPENDIX E

The Efficacy of Lot I1JAN918H of the Topical Skin Protectant, ICO No. 1536,
Against a Sulfur Mustard Challenge
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EXECUTIVE SUMMARY

This report describes the conduct of, and provides the resulti frcm,

- a special study conducted under Medical Research and Evaluation Facility

(MREF) Task 89-03, "Test Up to Ten Candidate Topical Protectants%, which was

designed :o evaluate the impact of treatment with a specific production lot of

new candidate topical skin protectant, Multi-Shielde (lCO No. 1536,

manufacturer's lot no. IIJAN91BH), to protect against the percutaneous

toxicity of sulfur mustard (2,2'- dichlorodiethyl sulfide; HD) using a rabbit

model. The nominal application thickness of the topical skin protectant (TSP)

was 0.1 mu (using an application rate a 0.01 mLlcm2) and HO applications were

fixed at 1.0 y4L per dose application site. HO toxicity was assessed following

exposures for three different durations (1, 2, and 4 hr) prior to

decontamination of each application site. In order to demonstrate the

efficacy of ICD No. 1535 relative to a control TSP, dermal lesion areas from

sites treated with ICO No. 1536 were calculated and were then statistically

compared with pooled historical lesion area data from sites similarly treated

Swith the control (ohich was a mixture of polyethylene glycols having an

average molecular weight of 540 daltons; PEG 540).

Based on statistical comparisons of dermal lesion areas between

ICD No. 1536 and the control TSP, the specific lot of ICD No. 1536 treatment

demonstrated no significant (P < 0.05) protective effect against NO at any of

the three exposure times relative to that of the control. These results

differ from results previously obtained with another lot of ICD No. 1536 which

indicated that ICD No. 1536 was significantly more effective than the control

TSP against HO at all three exposure times.

i 
J
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SPECIAL REPORT

THE EFFICACY OF LOT 111ANg91H OF THE TOPICAL SKIN PROTECTANT,
"ICO NO. 1536, AGAINST A SULFUR MUSTARD CHALLENGE

1.0 INTRODUCTION

This report presents the results from a special study conducted

under Medical Research and Evaluation Facility (MREF) Task 89-03, entitled

I Test Up to Ten Candidate Topical ProtectantsO. In this study, the efficacy

of pretreating rabbit skin with a specific manufactured lot (lot no.

I IIJANgiSH) of Multi-Shield* (ICD No. 1536), a new topical skin protectant

(TSP), was evaluated against percutaneous administered HO. The objective of

this study was to determine whether a topically applied, 0.1 w-thick, layer

of this specific lot of ICD No. 1536 afforded increased protection against

3 exposures to HO relative to the protection afforded by a control TSP. The

evaluation was conducted using a rabbit model. Efficac) against HO exposure

was determined from statistical tests based on the estimation of lesion area

ratios (LARs) for each TSP-treated exposure site. LARs were calculated from

the ratio of the HO-induced lesion area from each TSP-pretreated site relative d

3 to that of a non-pretreated, non-decontaminated control site on each rabbit.

The study was performed in accordance with the phase one provisions for SO

testing under Sedical Research and Evaluatinn Facility 'MREF) 'r.tucol 58

(Attachment A).

2.0 METHODS S

1 2.1 Test Materials

HO was obtained from the U.S. Army Medical Research and Development

Coamand (USAMROC). Chemical purity and appropriate identification were the

Sresponsibility of the USA4ROC. The HO used in these studies was identified as

being from lot number U-6216-CTF-N-1. For quality control purposes, HO lots

are periodically assayed for purity and stability at the MREF using an HNO

standard reference material supplied by the USAMROC. Based on MREF gas

J E-7
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chromatographic analysis, HO from lot number U-6216-CTF-N-1 was found to be S

82.3 percent pure at the time of the study.
The test TSP, identified as ICD No. 1536 (lot No. 11JANgiBH), was

supplied by the U.S. Army Medical Research Institute for Chemical Defense

(USAMRICD). Chemical purity and appropriate identification were the

responsibility of the USAMRICD.

The control TSP was obtained from Union Carbide Corp., and consisted

of a proprietary mixture of polyethylene glycol (Carbowaxi; lot no. 15-403051)

having an average molecular weight of 540 daltons (PEG 540).

Z.2 Animal Model

Twenty-four, specific pathogen free, New Zealand White (albino),

male rabbits weighing initially between 2.0 and 4.0 kg in weight were supplied

by Hazleton Laboratories. Rabbits were chrien for this study because we have

significant prior experience evaluating the percutaneous effects of HO and the

application of candidate TSPs with this species. In accordance with the

routine provisions of MREF Protocol 58 (Attachment A), the animals were
randomly assigned to three weight-homogenized treatment groups of eight S
animals each and were prepared for treatment prior to study initiation.

?.3 Study jesign

S

The methods detailed in K'EF Protocol 58 (Appendix A) for phase one

HO dosing only were followed in performing this study. The clipped dorsa of

each rabbit was delineated into seven dosing areas of 2.5 cm by 5 cu which

were designated as sites A through G as shown below:
S

Anterior < . Posterior

A C E G Right

Midline -

8 0 F Left

E-8
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l:- dosing area designated "G" was designated as an TSP- untreated control

site. To each of three 2.5 x 5.0 cm dosing areas on all 24 animals, a 0.13-mL
volume of ICD No. 1536 was applied from a I mL syringe (no needle) and spread
to a uniform target thickness of 0.1 mm. The control TSP was similarly

applied to each of three 2.5 x 5.0 cm dosing areas on eight of the
24 animals. Each TSP was allowed to remain undisturbed on the rabbit's back

for approximately 60 min prior to HO challenge. Then, I I&L of HO was applied
to each of the TSP-treated test sites and the untreated control sites fro.o a

I juL gastight syringe equipped with a sharp-tipped needle. Care was exercised
to ensure that the TSP layer was not mechanically disturbed in the dosing
process. At the protocol-specified decontamination times (i.e., 1, 2, and

4 hr), each of the TSP application sites were decontaminated with a
five-percent NaOCl solution followed by a distilled water rinse. The TSP-

untreated control site 4G' was similarly decontaminated immediately prior to
the initiation of dermal lesion area evaluation (approximately 20 to 24 hr
after HO application).

Twenty-four hours following HO-exposure, lesion lengths and widths

were estimated from all NO dose sites, and absolute lesion areas were

calculated. Absolute lesion area data from all TSP treated sites were

expressed as LARs, i.e., ratios of the lesion area from TSP-protected,
HO-exposed lesions to the TSP-unprotected, HO-exposed, non-decontamirated
control lesion site on each rabbit (i.e. site "G*). -Mus, a tctal of 24 LA~s

were estimated for ICD No. 1536 and eight for the control TSP. The catrol
TSP LARs were statistically compared for compatibility with historical control

data previously obtained under similar test conditions. The LARs for ICO No.
1,536 pretreatment versus those for control TSP treatment were then

statistically compared using an unpaired t test with the alpha level set at

0.05 to evaluate the protective efficacy of ICD No. 1536 relative to that of
the control TSP. To increase the statistical power of the comparison, the
historical LARs for the control TSP were used for this comparison if the LARs
from the current control TSP samole were found to be compatible with those of
the historical data set.

E
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3.0 RESULTS S

Areas of lesions resulting from application of I AL of HO for

individual animals are shown in Table I. Univariate stati:tics for absolute

HO lesion areas are shown in Table Z. Statistical comparison of ICD No. 1536

efficacy relative to the PEG 540 control and associated univariate statistics

derived from HO LARs expressed as a percentage of the control dose site on the

same rabbit are shown in Table 3. A summary of the historical LARs for the

control TSP is shown in Table 4.

The number of rabbits (N - 148) and the mean LARs representing the

PEG 540 quality control data base in Table 4 do not match those shown in

Table 3 for PEG 540 (N - 124). The reason for this is that during the conduct

of Task 89-03 three sets of eight rabbits were found to b3 outside critical

limits and has to be replaced by additional sets (total - 24 rabbits) for a

total of 124 rabbits in Table 3. However, all rabbits, even those in sets

which exceeded the upper or lower control limits, were retained in the PEG 540

quality control data base (Table 4). One reason for this was that otherwise

the critical limits would becoe closer to the mean as TSP screening

proceeded, thereby moving the range for accepting a set of eight animals for a

study. Table 4 indicates that LARs for the control TSP fell within the upper

and lower critic4l limits as required for conducting a valid study.

Since the current data from the TSP control sites were found to be

statistically ccmpatible with tie historical data, statistical comparisotis

could be made between the historical lesion area data for the control TSP and

that of ICD No. 1536. As shown in Table 3, there was no statistically

significant (P < 0.05) difference in the mean LAR estimated for MCD No. 1536

relative to that of the PEG 5A control thus indicating no significant

difference in ICD No. 1536 efficacy relative to that of the control TSP. The

statistical equivalence in the efficacies of ICD No. 1536 and PEG 540 to

protect against HO exposure was evident at each of the exposure periods and

for the overall mean performance index, referred to as *Score* in Table 3.

E-10
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TABLE 2. IN VIVO ASSESSMENT OF TOPICAL SKIN PROTECTANTS
sFT7FTNoEXED BY HD LESION AREAS (sq. rmm

RESULTING FROM THREE EXPOSURE PERIODS: SUMMARY
STATISTICS

Time After Dosing to
Decontamination

TSP 1 hr 2 hr 4 hr

lCD 1536 N '4 24 24
MEAN 84.4 153.8 212.0
SD 42.0 102.0 140.0

PEG 540 N 124 124 124
Mu.14 171.5 219.0 275.9

90•.1 95.2 123.9

E-12
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TABLE 3. IN VIVO ASSESSMENT OF TOPICAL SKIN PROTECTANTS
TTST'TNDEXED BY HO LESION AREAS RELATIVE TO
UNPROTECTED SITE (,) RESULTING FROM THREE

AXPOSURE PERIODS

Time After Dosing to
Decontamination

TSP 1 hr 2 hr 4 hr Score*

1CD 1539 N 24 24 24 24
MEAN 34.07 54.76 70.22 0.5302
STO 1.39 40.84 41.77 0.3011

PEG 540 N 124 124 124 124
MEAN 38.92 50.47 63.40 0.5093
STO 15.13 15.77 21.21 0.1560

*Mean of 1-. 2-, and 4-hr relative areas, expressed as a
fraction.

E-13
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TABLE 4. HISTORICAL PEG 540 CONTRCL VERSUS CURRENT MEAN
LESION AREA •ATIOS (PERCENT RELATIVE TO NO-TSP
CONTROL SITE)

Time f-m Exposure to Decontamination

i hr 2 hr 4 hr
Historca Lurrent Historicai Current Historical Current

N 148 8 148 8 148 a

UCL 50.9 65.6 83.3
1eal 37,9 43.1 49.7 52.8 63.0 59.Z

LCL 24.9 33.8 42.7

UCL - Upper critical limit, mean + 3 standard deviations
LCL - Lower critical limit, mein - 3 standard deviations

I
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4.0 CONCLUS!CNS

As shown above, ICD No. 1536 (Lot no. IIJAN91BH) demonstrated no

significant (P > 0.05) protective efficacy in an HO challenge relative to that
of the control TS? (PEG 540) It is noteworthy tha.' tnis study wits designed
to demonstrate only the relative efficacy of ICO No. 136 (lot no. 11JAN91BH)
as compared to that of the control TSP and does not provide any information
with regard to the absolute efficacy (relative to no TSP tratmet) of the
compound. AS there are currently no data with which to address the absolute
efficacy of either ICD No. 1536 or the control TSP, it may be desirable to
consider the conduct of future studies to the assess the absolute efficacy of
these compounds against HO exposure.

5.0 RECORD ARCHIVES

Records pertaining to the conduct of this study are contained in
Battelle Laboratory Notebook No. MREF - 220. Pro-study animal quarantine and
observation records are on file at the MREF. All original data, as well as

the original copy of this report will be maintained at the MREF until
forwarded to the USAMRICO at the conclusion of the contract.
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i EXECUTIVE SUMMARY.J

This report describes the conduct of, and provides the results frcm,

a special study conducted under Medical Research and Evaluation Facility

(MREF) Task dg-43, 'Test Up to Ten Candidate Topical Protectants", which was

J designed to evaluate the impact of treatment with a specific production lot of

new candidate topical skin protectant., Multi-Shieidf (ICD No. 1536,
2 manufacturer's lot no. IIJANgIBH), to protect against the percutaneous

toxicity of sulfur mustard (2,2'- dichlorodiethyl sulfide; HD) using a re-bit

model. The nominal application thickness of the topical skin protectant (TSP)

was 0.1 m (using an application rate- 0.01 mecz), and HO applications wer"

fixed at 1.0 p per dose application site. HO toxicity was assessed following

exposures for three different durations (5, 30, and 60 min) prior to

decontamination of each application site. In order to demonstrate the

3 efficacy of ICD No. 1536 relative to no TP, dermal lesion areas from sites

treated with and without ICO No. 1536 were calcIdAted and statistically3 compared.
Based on statistical comparisons of dermal lesion areas between

ICD No. 1536 and no TSP, the specific lot of ICD No. 1536 treatment

demonstrated a significant (P < 0.05) protective effect against HO at the

5-4nd 30-ain but not at the 60-.in exposure tion.

I
I

I
F

)
J________________F-4

ab a am am am am a am



J rABLE OF CONTErNTS

J Page
1.0 1NT•{O UCTION ... .................. ... . . .

Z.Q MET•O• OS ............................ .. .

z.1 Test Materials......................... .1

I 2.2 Animal Model .......................... z

5 2.3 Study Desig..n ................................. ... 2

3.0 RESULTS .......................................... 4

4.0 CO•CLUSIONS. ............................ 8

5.0 RECCROARCHiIVES. .. .. .. .. .. ...... ........ ........ ........

I 6.0 ACM0LEDGMENTS ......... .......................... 8 8

U

APPIOIX A

* .

APPE1WJZ II
Sumnry of Raw Oat& Used co Calculate L4As Following NO Exposure

I
1S

F-S S

I

,a a am a aL ,* a- ,



iii

LIST OF TABLES

Pace

Table i. In Vivo Assessment of ICD No. 1536 Indexed by HO
LesTon Areas Resulting fro Three Exposure Periods:
Individual '3bhit Oat ......... .................... 5

Table 2. In Vivo Assessment of ICD No. 1536 Indexed by HO
L-esa Areas Resulting from Three Exposure Periods:
Sumary Statistics ......... ...................... 6

Table 3. In Vivo Asses.went of ICD No. 1536 Indexed by HO.
Les•hW Areas Relative to Unprotected G Site (%) Resulting
fr= Three Exposure Periods ........ .................. 7

F

I

F-6

S

0 4 0b 0 0 0 0 a a



SPECIAL REPORT

THE EFFICACY OF LOT IIJAN91H OF THE TOPICAL SKIN PROTECTANT, I
ICO NO. 1536, RELATIVE TO NO PROTECTANT AGAINST A SULFUR MUSTARD CHALLENGE

1.0 INTRODUCTION
S

rhis report presents the res,:lts from a special study conducted

under Medical Research and Evaluation Facility (MREF) Task 89-03, entitled

"Test Up to Ten Candidate Topical Protectants'. In this study, the efficacy

of pretreating rabbit skin with a specific manufactured lot (lot no. S

I1JAg918H) of Multi-Shieids (ICD No. 1536), a new topical skin protectant

(TSP), was evalu.ted against percutaneous administered NO. The objective of

this study was to determine whether a topically applied, 0.1 am-thick, layer

of this specific lot of NCO No. 1536 afforded increased protection against

exposures to HO relative to unprotected dose sites. The evaluation was

conducted using a rabbit model. Efficacy against HO exposure was determined

from statistical tests based on the estimation of lesion area ratios (LARs)

for each exposure site. LARs were calculated from the ratio of the HO-induced

lesion area from eac HNO dose site relative to that of a non-pretreated, Z4-hr S

decontaminated control site on each rabbit. The study was performed in

&cr rdance with the phose one provisions for HO testing under Medical Research

drd Evaluation Ficility (MREF) 0-atocol S8 (Attachment A).

2.0 METOODS

2.1 Test Materials

HO was obtained fro the U.S. Army Medical Research and Development

Command (USAIMROC). Chemical purity and appropriate identification were the

responsibility of *he USAMROC. The NO used in these studies was identified as

being from lot number U-6216-CTV-N-I. For quality control purposes, HO lots

are periodically assayed for purity and stability at the MREF using an HO

standard reference material supplied by the USAMROC. Based on MREF gas

chromatographic analysis, HO from lot number U-6216-CTF-N-1 was found to be

82.3 percent pure at the time of the study.

F-7
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The test TSP, identified as INO No. 1536 (lot No. IIJAN91aH), was

supplied by the U.S. Army Medical Research Institute for Chemical Defense

(USA.HRICD). Chemical purity and appropriate identification were the

responsibility of the USAlRIC3.

S

2.2 Atrimal Model

Twenty-four, specific pathogen free, New Zealand White (albino),

male rabbits weighing initially between 2.0 and 4.0 kg in weight were supplied

by Hazleton Laboratories. Rabbits were chosen for this study because we have

significant prior experience evalu.iting the percutaneou. effects of HO and the

application of candidate TSPs with this species. In accordance with the

routine provisions of MREF Protocol 58 (Attachment A), the animals were

randomly assigned to three weight-homogenized treatment groups of eight S

animals each and were prepared for treatment prior to study initiation.

2.3 Study Design

S
The methods detailed in HREF Protocol 53 (Appendix A) for phase one

HO dosing only were followed in performing this study. The clipped dorsa of

each rabbit was deline.ted into seven dosing areas of 2.1 ca by i cm which

were designated as sites A through G .s :hown below*

Anterior . . Posterior

A C E G Right

•lid line. ..

$ a F Left

The dosing area designated "G" was designated as a TSP-untreated, 24-hr

decontaminated control site. To each of three 2.5 x 5.0 cm dosing areas on

all 24 animals, a 0.13-mi. volume of ICO No. 1536 was applied from a I mL

syringe (no needle) and spread to a uniform target thickness of 0.1 nM. TSP

was allowed to remain undisturbed on the rabbit's back for approximately

F-8
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60 min prior to HO challenge. Then, I A. of HO was applied to each of the

test sites and the untreated control sites from a I *4 gastight syringe

equipped with a sharp-tipped needle. Care was exercised to ensure that the

TSP layer was not mechanically disturbed ii, the dosing process. At the

decontamination times specified for this study, (i.e., 5, 30, and 60 min), •

each of the test sites (A through F) was decontaminated with a five-percent

NaOCI solution followed by a distilled water rinse. The TSP-untreated control

site "G* was similarly decontaminated imediately prior to the initiation of

dermal lesion area evaluation (appr:ximately 20 to 24 hr after HO

application).
Twenty-four hours following HO-exposure, lesion lengths and widths

were estimated from all HO dose sites, and absolute lesion areas were

calculated. Absolute lesion area data from all TSP-treated sites wet?

expressed as LARs, i.e., ratios of the lesion area from test HO-exposed S
lesions to the TSP-untreated, HO-exposed, 24-hr decontaminated control lesion

site on each rabbit (i.e. site "G'). Thus, a total of 24 LARs each were

estimateJA for ICD No. 1536 and contr&alateral sites. Individual animal "G"

site leion areas were scretreed for outliers according to whether they were

within te range tetween the historical mean plus or minus three standard

deviations. The LARs for ICD No. 1536 pretreatment versu4 those for no TSP

treatment were then statistically cc~ared using a 'aired (by animal) t test

with the alphi levyl set at 0.05 to evaloat, the protective efficacy of ICD

Ho. 153.5. The paired t crest was usO to increease the statistical power of the S
ccaprison relative to the utipaired t test.

F-g
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3.0 RESULTS

Areas of lesions resulting from application of I AL of HO for

individual animals are shown in Table 1. Four rabbits presented TSP-

untreated, 24-hr decontaminated control G sites with area estimates greater S

than the historical mean plus three standard deviations. Thus, data for those

four rabbits were removed from the data base. Univariate statistics for

absolute HO lesion areas for the remaining 20 rabbits are shown in Table 2.

Statistical comparison of IlCD io. 1536 efficacy relative to no TSP and .

associated univariate statistics derived from HO LARs expressed as a

percentage of the control dose site on the same rabbit are shown In

Table 3.

Rabbit-paired differences between LAP data for ICO No. 1536 and the

contralateral untreated site decontaminated At the sawe time were calculated, S

and a paired t test was applied. The paired t test was also applied to

contralateral differences in the "Score," i.e., the mean LAR across exposure

periods. As shown in Table 3, there was a statistically significant

(P < 0.05) paired difference in the LARs estimated for ICD No. 1536 relative

to that 0' the contralateral site for 5 and 30 min HO exposure periods, but

not at 60 min. The contralateral Score difference wa: also significant

(P < 0.05), thus indicating overall efficacy if ICD No. !536.

F-I0
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TABLE 2. IN VIVO A.SSESSMENT OF ICO NO. 1536 INDEXED BY
;3 =TCN AREAS (sq. mw) RESULTING FROM THREE
EXPOSURE PERIODS: SUMMARY STATISTICS

Time After DBsing to
Decontroi nat iof

TSP Sumin 30 min 60 min

ICf 1536 N 20 20 20
MEAN 48ý0 107.3 217,0
SO 23.9 47.1 177.3

Nothing N 20 zo 20
MEAN 79.z 198.4 285.1
so 29.3 64.2 101.6

F-I2
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TAKLE 3. IN VIVO ASSE5:ENrT CF IC3 NO. 536 INOEXED BY
TO =1ON AREAS RLATiVE TO UMPROTE'TI'D SITE (•)
RESULTING FROM Th1REE ZXPOSUE PERIODS

T'im After Ocsing to
DO~on't i na.i on

TSP S min 30 mi, So min Score'

IC0 1532 N zo 20 20 70
M1EAM 9.7 22.1 43.1 0.250
sD 5.7 11.4 31.4 0.122

Nothing N 20 20 20 20
qEAN, 15.7 40.3 ý6.I 0.377

a i20 20 Z0
Oiffer'ncv PfU, 7.0 i81 13.0 0.127

Sa 7.5 16.8 37.3 0.170

Paired T 4.185 4.814 1.556 3.346

Probability > ITI 0.0Co5 C.0001 0.1361 O.O034

,'Mean of 5-, 30-, ard 60-sin relative areas, expressed as a
fraction.
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4.0 CCNCLJSICNS

As shown above, ICO No. 1535 (Lot no. IIJAN913H) demonstrated

slgnlf,ýcart (P < 0.35) protective efficacy against an HO challenge relative to

-i nothiing at :te 5- arl 30- min exposure periods. There -was no efficacy

-.emcnstrated at the 50-.1n exposure period. The overall index of efficacy,

called 'Score* in Table 3, indicated a •tatistica]ly significant difference

between sites pretreateJ with ICOI No. 1536 and nothing. However, the low

ragnitude of the "Score" d'fference '4oproximately 13 percent) indicates that
increasing the duration nf the HO exposure period tends to adversely affect

the efficacy of ICO No. 1536 Against an NO challenge.

) c.0 RECCRO ARCHIVES

RecorZs pertain, to the conduct of this study are contained in

3attelle Laboratory Notebook No. MREF - Z20. P".-study anial quarantine an!
Sobservation records are on file at the MR. All original data. as %ell as

the or'ginal copy of this report will be maintained at the VICF until

forw*arded to the USARIC at the conclusion of the cotract.
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EXECUTTVE SUMMARY

This report describes the conduct of, and provides the results from,

"a special study conducted under Medical Research and Evaluation Facility

(MREF)J Task 89-03, *Test Up to Ten Candidate Topical Protectants, which was

designed to evaluate the impaci of treatient with a specific production lot of

new candidate topical skin prot Kult1-Shielde (ICO No. 1535,

manufacturer's lot no. 17JAN91 . :act against the percutaneous toxicity

jof sulfur mustard (Z,Z'- dicNlc " ulf uide; HO) using a rabbit model.

The nominal application thicknes. t3pical skin protectant (TSP) was 0.1

mm (using an application rate a 32), and HO applications were fixed

at 1.0 p.L per dose application sit* -1-ity was assessed following

exposures for three different duratio|., and 4 hr) prior to

decontamination of each application site. In order to demenstrate the

efficacy of ICO No. 1536 relative to a control TSP, dermal lesion areas from

I sites treated with ICD No. 1536 were calculated aid were then statistically

compared with pooled historical lesion ar*a data fro= sitez similarly treated

with the control (which was a mixture of polyethylene glycols having an

average iolecular weight of 540 daltons; !EG S40). Results fro= lCD no. 15.6
were also compared with data from the remaining 16 rabbits at sites not

pretreated with TSP, but dosed with HO and decontaminated at the same timcns as

ICD No. 1536 at contralateral sitas.

Based on statistical (o;rariscns af dar.sal Ision arpas batw*en

ICD No. 1536 and the control TS?, lot 17jA30918 of KCO Vi. 15-16 treatxwmt

demonstrated no significant (P > 0.05, adjusted for multiple ciuiparisons)
protective effect against HO at any of the three exposure times .relative to no

TSP. Relative to PEG 540, lot 17JAN9I8 of ICO No. 1536 treatment was

equivocal at I- and Z-hr exposures. but was significantly (P < 0.05) less

protective against HO at the 4-hr exposure period.

1
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SPECIAL REPORT

THE EFFICACY OF LOT 17JAN913 OF THE TOPICAL SKIN PROTECTANT,
ICD NO. 1536, AGAINST A SULFUR MUSTARD CHALLENGE

1.0 INTRODUCTION

This report presents the results from a special study conducted

under Medical Research and Evaluation Facility (MREF) Task 89-03, entitled

"Test Up to Ten Candidate Topical Protectants'. In this study, the efficacy

of pretreating rabbit skin with a specific manufactured lot (lot no. 17JANg91)

of Multi-Shield* (ICO No. 1536), a new topical skin protectant (TSP), was

evaluated against percutaneous administered HO. The objective of this study

was to determine whether a topic.lly applied, 0.1 m-thick, layer of this

specific ]at of ICO No. 1536 afforded increased protection against exposures

to HO relative to both no TSP and the protection afforded by a control TSP.

The evaluation was conducted using a rabbit model. Efficacy against HO

exposure was determined from statistical tests based on the estimation of

lesion area ratios (LARs) for each TSP-treated exposure site. LARs were

calculated from the ratio of the HO-induced lesion area from each TSP-

pretreated site relative to that of a non-pretreated, 24 hr-decontaminated

control site on each rabbit. The study was performed in accordance with the

p~hse one p,"vis;'ons for 43 testing usrdar Medical Research and Evaluation

Facility (MKEF) Protxol 58 (Attachmeit A).

2.0 MT4OOS

2.1 Test Materials

HO was obtained from the U.S. Army Medical Research and Development

Command (USAMROC). Chemical purity and appropriate identification were the

responsibility of the USAMADC. The HO used in these studies was identified as
being frcm lot numter U-6216-CTF-N-I. For quality control purposes, HD lots

are periodically assayed for purity and stability at the MREF using an HO

standard reference material supplied by the USAMROC. Based on MREF gas

G-7
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chrcmatographic analysi-, HO from lot number U-6216-CTF-N-1 was fcund to be

82.3 percent pure at the time of the study.

The test TSP, identified as ICD No. 1536 (lot No. 17JANgIB), was

supplied by the U.S. Army Medical Research institute for Chemical Defense

(USAMRICO). Chemical purity and appropriate identification were the

responsibility of the USAJICICO.

The control TSP was obtained from Union Carbide Corp., and consisted

of a proprietary mixture of polyethylene glycol (Carbowaxs; lot no. IS-403051)

having an average molecular weight of 540 daltons (PEG 540).

I
2.2 Animal Model

Twenty-four, specific pathogen free, New Zealand White (albino),

male rabbits weighing initially between 2.0 and 4.0 kg in weight were supplied

by Hazleton Laboratories. Rabbits were chosen for this study because we have

significant prior experience evaluating the percutaneous effects of HO and the

application of candidate TSPs with this species. In accordance with the

routine provisions of MREF Protocol 58 (Attachment A), the animals were

randomly assigned to thre weight-homogenized treatment groups of eight I

animals each and were prepared for treatment prior to study initiation.

2.3 Study Design

The methods detailed in MREF Protocol 58 (Appendix A) for phase one

HO dosing only were followed in perfirming this study. The clipped dorsa of

each rabbit was delineatel into seven dosing areas of 2.5 cm by S-cm which

were designated as sites A through G as sho below:

Anterior . Posterior

A C E G Right

Midline -..

a 0 F Left

I
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The dosing area designated *G" was designated as a TSP-untreated control site.

To each of three 2.5 x 5.0 cm dosing areas (3, 0, and F) on all 24 animals, a

O.13-mL volume of ICO No. 1535 was applied from a I ,L syringe (no needle) and

spread to a uniform target thickness of 0.1 rm. The control TSP was similarly

applied to each of three 2.5 x 5.0 ca dosing areas (A, C, and E) on eight of

the 24 animals. Sites Ac, C, and e on the 16 rabbits were untreated. Each

TSP was allowed to remain undisturbed on the rabbit's back for approximately

60 min prior to HO challenge. Then, I wL of HO was applied to each of the

TSP-treated test sites and the untre~ated control sites from a ! AL gastight

syringe equipped with a sharn-tipped needle. Care was exercised to ensure

that the TSP layer mas not mechanically disturbed in the dosing process. At

the protocol-sý4tcified decnntamination times (i.e., 1, 2, and 4 hr), each of

the TSP applicativa sites was decontaminated with a

five percent N&OCl solution followed by a distilled water rinse. The TSP-

untreated cortrol site "G" was similarly decontaminated immediatelý orior to

the initiation of dernal lesion area evaluation (approximately 20 to ZI hr

ifter HO application).

Twenty-four houri following HO-exposure, lesion lengths and widths

wer-e estimated firom &ll HO dose sites, and absolute lesion areas were S

calculated. Absolute lesion area data from all TSP treated sites were

expressed as LARs, i.e., ratios of the lesion area from HO-exposed test sites

to the TSP-unprotected, HO-4e-poskV, 24 hr..decontasinated control lesion site

on eacli rebbit (i.e. site 'G*). Thus, 24 LARs were estimated for ICO No.

15j6, eight for the control TSP, and 16 for no-TSP sites at each exposure

period. The control TSP LARs were statistically coMared for 'ompýatibility

with historical control data previously obtained under similar test

conditions. Th* LAPR; for ICD No. 1536 pretreatment versus those for control

TS? treatment were then statistically compared using an unpaired t test with S

the overall alpha level iet at 0.05 to contrast the protective efficacy of ICO

No. 1536 relative to tnat of the control TSP and no TSP. Tm increase the

statistical power of the c¢nMparison, the historical LARs for the control TSP
were used for this ccnoarison if the LARs from the current control TSP sample

were found to be compatible with :hose of the historical data set.

G-9
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3.0 RESULTS

Are•s of lesions resulting from application of 1 AL of HO for

indiviua! animals are ;howi in Table 1. Univariate stAtistics for absolute

,0 lesion areas are shown in Table 2. Statistical coziparison of MCD No. 1536

efficacy relative to the PEG 540 control and no TSP, and associated univariate

statistics derived from ký LARs expressed as a percentage of the control dose

site on the same rabbit are shown in Table 2. A summary of the h~storical

UIRs for the control TSP 's shown in Table 4.

The number of rabbits (N - 156) and the mean LARs representing the

PEG 540 quality control data bese in fable 4 do not matcn those shown in

Taale 3 for PEG 540 (N - 132). Vie riason for this is that during the conduct

of Task 39-03 three sets of eight rtkits were found to be outside :ritical

limits and has t- ýe replac.d by additional sets (total - 24 rabbits) for a

total if 124 rabbits in Table 3. Kowev.r, ill rabbits, even those in sets

which exceeded the upper or lowr contrc" its. were retained in the PEG 54•0

quality control data base (Table 4). 0. for this was that otherwise

the criticil limits would becom closer to the --an as TSP screening

proceeded, thereby moving the range for accepting a set of eight animals for a

study. latle 4 indicates that LARs for the control TSP fell within the vpcer

a-n0 lower critical limits as rvtuired for conducting a ,val, sW{u.y,

Since the current data from the TSP control sites were found to be

ttatistically compatible with the historical data, statistical coaprisons

could be made betwmen the historical lesion area data for the control TSP and

that of ICO No. 1536. As showi in Table 3 at the 1- and Z-hr exposure

periods, there was no statistically significant (D > 0.05) difference in the

mean LAR estimated for ICO go. 1536 relative to that of the P(GT 540 central,

thus indicating no significant difference in ICO No. 1536 efficacy relative to

that of the control TSP. At the 4-hr exposure period, pretreating with ICD

Io. 1536 w4s equivocal with no TSP applicatioi, and significantly less

affective than PEG 540. The statistical equivalence in the efficacies of ICO

4o. :526, PEG 540, with no TSP against 1l0 exposure was evident at the overall

mean performance index, referred to as 'Scorie in Table 3.

G-10
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TABLE 2. IN VIVO ASSESSMENT OF TOPCAL SKIN PROTECTANTS
TTSFTMNoEXED BY NO LESION AREAS (sq. m)
RESULTING FROM THREE EXPOSURE PERIODS: SUMMARY
STATISTICS

"as After Dosing to
Oecontmination

TSP 'Ir 2 hr 4 hr

ICI) 1536 N 24 24 24
MEAN 107.7 164.8 244.2
SO 73.3 87.5 120.4

if 16 16 16
MEAA 120.2 170.1 217.1
so 69.0 58.4 70.5

PEG 540 N 132 132 132
MWN 169.7 216.5 2.74.7
So 88.7 96.3 123.4

G-12
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t TA3LE 3. IM VIVO ASSES)MENT OF TOPICAL SKIN PROTECTANTS
rTs•-TToEO 3• @ HO LESION -AREAS RELATIVE TO
1APQOTEC•TE SITE (%) RESULTING F1RC THREE
SMSURE PERIODS

I Time After Oosing to
0c ontaminat' •ri

U TSP I hr Z hr 4 hr Scort"

MS70-91 4 24 24 24 24
WA 36.1 A 55.7 A 79.3) A 0.569 A
so 35.1 47.1 54.0 0.4.41

KG 16
MfAW 1 4.3 A 66.2 A 77.3 A 3 0.527 A3so 32.7 52.1 33.3 0.3Z6

PEG 540 4 132 132 132 132
WAX 38.7 A 50.0 A 63.3 S 0.507 A
tI 14.8 15.8 2O.9 0.154

jtups mavinq statistica ly inavstinguisnal*e seans are 4ndicated
w,• t,0 sAW letter at ea•h exposure period and Score.

**Mean of 1-. 2-. and 4-hr relative areas. exoressed as 4 fraction.

IG1Hi
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TABLE 4. NISTCRICAL PEG 540 CONTROL VERSUS CU•RENT MEAN
LESICN -AREA RATIOS (PERCENT RELA7IVE TO NO-TSP
CONTROL SITE)

Time frm Ezposure to Oecontaimnation

I hr 4 hr
Historical Csrrent Historical Current Historical Cu-rent

156 a 156 156 8
UCL 50.6 65.2 83.1

MCA" 37.8 35.4 49.3 42.6 62.9 61X"

LCL 5.3 3.442.7

UCL w UoPer critical Ilimit. Man * standard deviations
LCL - Lower critical limit, ma - 3 standard deviations

"1G-14
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4.0 CCNCLUSIC•NS

ICO 4o. 1535 (Lot no. 17JAN918) demnstrated neither significantJ(P > 0.05) protective efficacy against an HO callenge relative to that of the

control TSP (PEG 540) nmr absolutt efficacy relative to no TSP.

5.0 V(EORO ARCIIVES

Records p•ertaining tG the condwct of this study are contained in
Battelle Laboratory Kotebook %o. MREF - 220. Pre-study animal quarantine and

ohinrvation records are on file a& thn MAEF. All original data, as well as
the original copy of this report will be maintained at the MREF until

forw•rded to the USAMVICD at the conclusiin of the contract.

6.0 AWNOLEMMENTS

The nus, role in the study. and highest academic degree of the

;prncipal contributors in this study a presented in tj following list.

Nane Title Deqree

Urrett S. Oil i IMR Manager O.V..4.

Dav~id W. kb4n~~2 std irt Ph.D.3 Thaws H. S.ider iiusciaisticia.

Peter L. Jepsen Study Veterinarian O.V.IM.
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adhered to the aGuide for the Care and Use of Laboratory Animais* prepared by
the Comittee a Care and Use of Laboratory Animals of the Institute of
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Heat and Human Services, Public Health Service. National Institutes ofm XHealth• (MNI), Publication no. 86-M. reIvised 1985).

A Citations of cmmercial oranizations and trade names in this report do not
constitute an official epartient of the Army endorsai•nt or approval of the2 products or services of these organizations.
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EXECUTIVE SUI+ARY

This report describes the conduct of, and provides the results from,

a special study conducted under Medical Research and Evaluation Facility

(,KREF) Task 89-03, *Test Up to Ten Candidate Topical Protectants*. which was

designed to re-evaluate the impact of treatment with a specific production lot

of a candidate topical skin protectant, Multi-Shield* (ICD No. 1536,

manufacturer's Lot No. 5256), to protect against the percutaneous toxicity of

sulfur mustard (2,2'- dichlorodiethyl sulfide; HiD) using a rabbit model. This

!:t numter of the candidate skin protectant was previously tested at the MREF,

and the results were reported in a letter report to U.S. Army Medical Research

and Developiernt Cxnand (USWtOC) dated 17 August 1g9O. The purpose of the

pr-.sent study was to reassess the efficacy of ICO No. 1536, Lot No. 5256,

relative to a control topical skin ;rotectant (TSP) and establish its absolute S

efficacy relative to nm TSP. The nominal application thickness of the TSP was

0.1 m (using an appli7ation rate - 0.01 ij-mi), and HO applications were

fixed at 1A *L per dose application site. HO toxicity was assessed folloing

exposures for three differtnt durations (1, 2. and 4 hr) prior to

decont4mination of each ipplicztion site. In order to deonstrate the

efficacy of 1CM No. 1SE6 ee!ati-e to a ccntrol TSP, demal lesion areas frm

SitK1 treated with [IC 90. 15-6 ware calculated and ,ere tien Statistically

comved With poold hZt0'cai 7esi=n area dxta from site, siovilarly treated

with the control (Which was A mixtire of polyethyiene glycols having ., S

average molecular weight of 540 daltons; PEG 540). Results fram ICD No. 1536

wore also cop4ared with data from a pool of the rmaiming 16 rabbits with 16

rabbits from a previous study pretitvated with no TSP, but dosed with NO and

decontaminated at the sam times as ICD No. 1536 at contralateral sites.

Based on statistical co'arisons between historical and current

results of dermal lesion area ratios obtained for IC No. 1536, (Lot No. 5Z36)

there was no significant differece in the protective efficacy noted at any of

ihe HO exposure periods. Relative to both no TSP and PEG 540, both tets of

results for Lot 5256 of [0 No. 1536 treatment demonstrated a significant

(P < 0.05, adjusted for multiple comparisons) protective effect against HO at

all of the three exposure times.
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SPECIAL REPORT

THE E7'ICACY OF LOT 5256 OF THE TOPICAL SKIN PROTE.T'-'kT
ICD NO. 1535, AGAINST A SULFUR MUSTAM'O CHALLENGE

1.0 _NTRCUCTON

This report presents the results fru, a special study car:du~ted

under Medical Research and Evaluation Facility (MREF) Task 89-03, entitled

"Test Lp to Ten Candidate Topical Protectants'. In this study, the efficacy

of pretreating rabbit skin with a specific manufactured lot (Lot No. 5256) of

Multi-Shield* (ICD No. 1536), a new topical skin protectant (TS?), was

evaluated against percutaneous by administered HO. The objectives of this

study were to determine whether current results from a topically applied,

O.1 mN-thick, layer of this !peCific lot of ICD No. 1536 wore consistent with

those from a previous test, and whether increased protection against exposures

to NO relative to both no TSP and the protection affirded by a control TSP was

evident following ICO go. IS36 application. The evaluation was conducted

using a rabbit model. Efficacy against HO exposure was determined from

statistical tests based on the estimation of lesion area ratios (LARs) for

each test site. LARs were calculated frm the ratio of the H4-inducd1 ie0on

area from each test site relitive to that of a nonp retreate d, Z4 hr-

decontaminated control site on each raboito The study was perfored in

accordance with the phase w :rovisions for HO testing under Medical Research

and Evaluation Facility (MEF) Protocol A (Attachment A).

Z., Test 04.terials

HO $wa obtained frow the U.S. Army Medical Research and Oevelopment

Command (USAMROC). C.emical purii1 and approprilate identification were the

mlpotis'ility of the USMROC. The 140 used in these stwdie, was identified as

being from Lot No. U-62I6-CT.1•4-. For quality control purposes, HO lots are

perlodically assayed for purity and stability at the MO(F using an HO standard

reference material supplied by the JSANROC. Based on MIEF gas chrcatogr.iphic

H-7
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2
analysis, HO from Lot No. U-6215-CTF-N-1 was found to be 82.3 percent pure at

the time of the study.

The test TSP, identified as ICO No. 1536 (Lot No. 5256), was

supplied by the U.S. Army Medical Researth Institute for Chemical Defense

(USAMRICO). Chemical purity and appropriatw identification were the

r,,ponsibility of the USA.RICD.O

The control TSP was ootained from Union Carbide Corp., and consisted

of a proprietary mixture of polyethylene glycol (Carbowaxe; Lot No. IS-403051)

having an average molecular weight of 540 daltons (PEG 540).

2.2 Animal Model

or Twenty-four, specific pathogen free, New Zeeland White (albino),

-male rabbits weighing initially between 2.0 and 4.0 kg in weight were sipplied

by Hazleton Laboratories. Rabbits were chosen for this study becaus; we have

slnificant prior experience evaluating the percutaneous effects of HO anI O4v*

application of candidate TSPs with this species. In .ccrd:,,ce w~'h thf

routine provisions of MRCF Protocol i8 (Attachaent Ap, the animals were

randomly assigned to three -veight-hemogenized treat=nt' groups of eight

aiWals each and were prepared for treatment prior to study initiation.

2.3 Study Design

The methods detailed in MREF Protocol 58 (Appendix A) for pnase one

HO dosing only were followed in performing this stady. The clipped dorsa of

each rabbit was delineated into seven dosing areas of 2.5 cm by 5 c which

were designated as sites A through G as shown below:

Anterior t Posterior

A C E G Right

Midline

8 0 F Left

H-8



The dosing area designated 'G" was designated as a TSP-untreated control site.

To each of three 2.5 x 5.0 cm dosing areas (3, 0, and F) on all 24 animals, a

0.13-mL volume of ICO No. 1536 was applied from a I mL syringe (no needle) and

spread to a uniform target thickness of 0.1 mm. The control TSP was similarly

applied to each of three 2.5 x 5.0 cm dosing areas (A, C. and E) on eight of

the 24 animals. The remaining 16 rabbits were not pretreated at sites A, C,

and E. Each TSP was allowed to remuain undisturbed on the rabbit'; back for

approximately 60 min prior to HO challenge. Then, I At. of HO was applied to

each of the TSP-treated test sites and the untroated control sites from a I A.

gastight syringe equipped with a sharp-tipped needle. Care was exercised to

ensure that the TSP layer was not mechanically disturbed in the dosing

process. At the protocol .- pecified decontamination times (i.e-, 1, 2, and

4 hr). each of the TSP application sites was decontaminated with a

five percent NaOCI solution followed by a distilled water rinse. The

TSP-untreated control site *G" was similarly decontaminated iimediately prior

to the initiation of dermal lesion area evaluation (approximately 20 to 24 hr

after HO application).

Twenty-four hour- folowing HO-ixposure, lesion length arnd widths

were estimateo from all HO dose sites, ata absoiute lessoa areas vere

calculated. Absolute lesion area data from all TSP treated sites were

expressed as LARs, i.e., ratios of the lesion area from HO-exposed test sites

to the TSP-unprotected, HO-exposed, 24 hr-decontaminated control lesion site

on each rabbit (i.e. site 'G'). Thus, Z4 LARs were estimated for IC3

No. 1536, eight for the control 7SP, and 16 for no-TSP sites at each exposure

period. The control TSP LARs were statistically comp.ared for commatibility

with historical control dita previously obtained under similar test

conditions. The LARs for ICO No. 1536 pretreatment versus those for control

TSP treatment were thcn statistically comared using an unpaired t test with

the overall alpha level set at 0.05 in order to contrast the protective

efficacy of ICD No. 1536 relative to its previous findings. Finally, the

current and historical data for ICD No. 1536 were similarly compared to the

historical data for the control TSP and no TSP. To increase the statistical

power of the comparison, the historical LARs for the control TSP were used for

this comparison if the LA•s from the current control TSP sample were found to

be compatible with those of the historical data set.

H-9



7-,

4
3.0 RESULTS

Areas of btsiuns resulting fro" application of I AL of HO for

individual animals are shown in Table I. Uniiariate statistics for absolute

HO lesion areas are sh0,aw in Table 2. Statistical comparison of current

results for ICD No. 1536 efficacy relative to the historical resultsr the r

PEG 540 control and no TSP, and associated univariate statistics derived frum

HO LARs expressed as a percentage of the control dose site on the :ame rabbit

are shown in Table 3. A summary of the historical LARs for the control TSP is

shown in Table 4.

The number of rabbits (N - 163) and the mean LARs representing the

PEG 540 quality control data base in Table 4 do not match trose shown in

Table 3 for PEG 540 (N - 139). The reason for this is that during the conduct

of Task 89-03 three sets of eight rabbits were found to be outside critical

limits and has to be replaced by additional sets (total - 24 rabbits) for a

total of 139 rabbits in Table 3. However, all rabbits, even thosa in sets

which exceeded the upper or lower control limits, were retained in the PEG 540

quality control data base (Table 4-, One reasoa for this -44s OtC otherwire

the critical limits would become closer to the neaa as TSP servenirta

proceeded, thereby moving the rangi for accecting a set of eight anmals f••r a
study. Table 4 indicates that LARs for the cwntrol TSP fell within the upper

and lower critical limits as required for conducting a valiu study.

Since the current data from the TSP contml sites were found to be

statistically compatible with the historical data, statistical c=parisoas

could be made between the historical lesion Prea dita for the control TSP and

that of both sets of results for lCD No. 1536. As show" in Table 3, the

current assessment of ICD No. 1536, (Lot No. 5256) was completely consistent

with the historical assessment. Both sets of data indicated ICD No. 1536 to

be statistically superior to both PEG 540 and no TSP petreatment at the

overall 5 percent significance level.

H- 10
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TABLE 2. IN vIVO ASSESSMENT OF TOPICAL SKIN PROTECTANTS
I-,40-E BY HO LESION AREAS (sq. im) RESULTINGI] FROM THREE EXPOSURE PERIODS

Time After Dosing to
Decontamination

TSP I hr 2 hr 4 hr

Historical Run N 24 24 24
IC•I No. 1536 MEAN 57.5 79.6 141.3
Lot No. 5Z56 SD 98.7 111.5 182.4

None N 31 31 31
MEAN 131.5 IM..6 226.9So 62.9 70.5 78.3

U Current Run N 22 22 22
ICO No. 1536 MEA1, 40.1 65.2 102.9
Lot No. S526 sD 63.5 76.5 108.6

PEG 540 N 139 139 139
MEAN 165.2 211.5 257.9
SD 89.4 97.6 124.7

4HH-12
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TA3LE 3. IN VIVO ASSESSMENT OF TOPICAL SKIN PROTECTANTS
(TsP'-TOEXEO BY HIO LESION AREAS RELTIVE TO
UNPROTECTED SITE (%) RESULTING FROM THREE
E)POSUPE PERIODS

Time After Dosing to
I Oecontamination

TSP 1 hr 2 hr 4 hr Score"

Historical Run N 24 24 24 24
1CD No. 1536 MEAN 11.03 A 16.91 A Z8.44 A 0.183 A3 Lot No. 5256 So 12.91 18.47 28.84 0.1ai

Current Run N 22 22 22 22
ICD No. 1536 MEAN 11.92 A 19.75 A 31.35 A 0.210 A
Lot No. 5256 So 12.51 13.64 19.33 0.132

PEG 540 N 139 139 L39 139
MEAN 38,04 2 49.37 F 52.47 j 0.9C0 3
SO 14.91 15.70 20.91 0.155

None N 31 31 31 31MUM 46.12 6 67.30 C 78.19 C 0.639SO 24.89 38.22 25.39 0.•82

Groups having statistically indistinguishable means are indicated
with the same letter at each exposure period and Score.

"Mean of 1-, 2-, and 4-hr relative areas, expressed as a fraction.

7
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TABLE 4. HISTORICAL PEG 540 CONTROL VERSUS URPENT MEAN LESION

AREA RATIOS (PERCENT RELATIVE TO NO-(SP CONTROL SITE)

Time from Exposire to Oecontaminaticn

Ih_ 2 hr" 4 hr

Historical Current Historical Current H'storica'I Curren

N 163 7 163 7 163 7

UCL 50.1 64.6 82.3

Mean 37.2 25.4 -18.8 37.6 rZ.Z 46.9

U LCL 24.4 33.1 42.1

3 UCL - Upper critical limit, man 3 3 standard deviations

LCL - Lower critl:al limit, mean - 3 standard deviations

H
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4.0 CCNCLUSTCNS

Current testing of [CO No. 1536 (Lot No. SZ56) in the MREF Task 39-

03 Phase 1 screen demonstrated complete consistency with the historical

assessment in its protective efficacy against HO challenge. [CO No. I536

(Lot No. 5256) demonstrated significant (P < 0.05) protective efficacy against

an HO challenge relative to that of the control TSP (PEG 540) and absolute

efficacy relative to no TS?.

5.0 RECORD ARCI41VES

Records pertaining to the conduct of this study are contained in

Battelle Laboratory Notebook No. MREF - 220. Pre-study animal quarantine and

observation records are on file at the MREF. All original data, as well as
the original copy of this report will be maintained at the MREF until

forwarded to the USAMRICD at the conclusion of the contract.

6.0 ACXMONLEDGI4ENTS

The names, role in the study, and highest academic degree of the

principal contributors in this study are presented in the following list.

N•me Title Q ree

Garrett S. Dill MREF manager 0D.,YM.

David W. Hobson Study Director Fh.D.

Thomas H. Snider 8iostatistician 8.S.

Peter L. Jepsen Study Veterinarian 0.V.M.
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APPENDIX I

The Efficacy of Lots 5256, 11JAN91gH, and 03JAN91Ai of the TopicAl Skin
P'otectant, ICO No. 1536, 9galnst a Sulfur Mustard Challenge
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EXECUTIVE Su"URAY

This report describes the conduct of and provides the results fr-.,-

Sspecial st.Av conducted undcr Medical Research and Evaluation Facility

(RZEF) Task 59-03, 'Test Up to Ten Candidate Topical Protectants*, which was

designed to evaluate and compare the impact of treatment wttn three specific

prcducticn lots of a candidate topical skin protectant, Multi-Shielid (ZCD

No. 1536, manufacturer's Lot Nos. 5256, IIJAN91EH, and 03JAN91AH), to protect

against t~e percutaneous toxicity of sulfur nustard (2,2'- dichlorodietnyl

sulfide; HO) using a rabbit model. Lot numoer 5256 of the candidate skin

protectant was previously tested at the MREF, and the results "ere reported in

a letter report to U.S. Army Medical Research And Development Command

(USAMIRDC) dated 17 August 1390. The purpose of the present study was to

assess the efficacy of ICJ No. 1536, Lot Nos. 5256, IIJANg9IH, and 03JA;N91AH,

relative to a control topical skin protectant (TSP) and establish the absolute

efficacy of each relative to no TSP. The nominal application thickness of the

f:..' as 0.1 MM (using an application rate - 0.01 mL/cmz), and HO applications

,ere fixed at 1.0 JAL per dose application site. HO toxicity was assessed

following exposures for three different durationT (1, 2. and 4 hr) prior to

decontaomination of each application site. In order to demonstrate and

contrast the efficacy of ICD Lot Nos. 5256, IIJAN918H, and 03JAN9!AH relative

to a control TSP, dermal lesion areas from sites treated with each lot of t~i

test TSP were calculated and were then statistically compared with pooled

nistcrical lesion area data from sites similarly treated with the control

(which was a mixture of polyethylene glycols having an average molecular

weight of 540 dalrhns; PEG 540). Results from ICD Nos. 5256 and IJJAN9gBH

were also comnirtd ýoith data from previous studies conducted using each TSP

and under similar test conditions.

Based on statistical comparisons between current and historical

results of dermal lesion area ratios obtained for ICD No. 1536, Lot Nos. 5256

and u•.A.•.H, the current data for Lot 'o. 5256 was statistically equivalent

(P , J.O5) to historical data, but the current data for Lot No. I1JAN913H

indicated substantially increased efficoc" (P < 0.05) relative to its

perforance in the previous study.

S 0 0 0



Base! on statistical comparisons between current results cf der a]
lesicn area ratios obtained for tCO no. 1536, Lot Nos. 5256, IIJAN9".H, ard

C2jAN^IAH, there was no significant difference (P > 0.05, ad3jste'd for

multiple coomparisons) in the protective efficacy noted at any of the HO

exposu.re periods bet'Aeen ICO Lot Nos. 03JAN91AN and 5256, which were

statistically Detter (P < 0.05, adjusted for multiple ccmparisons) than ICD

Lot No. 1IJAN918H at the 1- and 2-hr exposure periods. All of the lCD
¼ No. 1536 lots were statistically equivalent a. the 4-hr exposure period and

Aere statistically better than PEG 540 at all exposure periods.
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SPE.ClL REPORT

T U£ ,:C. C F LOTS 42`5, 6 IJAN!H, AND O3JAN91AH OF THE T ]P[CAL SK[i
:,.i,'NT [CD NO. 1536, AGAiNST A SULFUR MYUSTAPD CHALLENGE

1.0 ENTROCUCTION

This report presents the results frcm a special study conducted

under Medical Research and Evaluation Facility (MREF) Task 89-03, entitled

"Test Up to Ten Candidate Topical Protectants". In this study, the efficacy

of pretreating rabbit skin with specific manufactured lots (Lot Nos. 5256,

11JAN9g3H, and 03JAN91AH) of Multi-Shield* (ICO No. 1535), a new topical sk•:;

protectant (TSP), was evaluated against percutaneously administered HO. The

objectives of this study were to determine whether current results from a

topically applied, 0.1 nmn-thick, layer of specific lots of [CO Nos. 1536 were

consistent wi0h their results from a previous test, and whether there were

significant differences detectable between each of the previously tested lots

a:d the results obtained with an additional lot, 03JAN9IAH, bein- evaluated

for- the first time. The evaluation was conducted using a rabbit model.

Efficacy against HO exposure was determined from statistical tests based on

the estimation of lesion area ratios (LARs) for each test site. LARs were

calculated frcm the ratio of the HO-induced lesion area from each test site

relati.e to that of a non-pretreated, 24 hr-decontaminated control site on

each rabbit. The study was performed in accordance with the phase one

provisions for HO testing under MREF Protocol 58.

2.0 METHODS

2.1 Test Materials

HO was obtained from the U.S. Army Medical Research and Develcý'ent

C:.-and (USAýýCC). Chemical purity and appropriate identification mere the

responsibility of the USA.ROC. The HO used in these studies was identified as

being frm Lot 'Io. U-6215-CTF-N-1. For quality control purposes, HO lots are

per4cdically assayed for purity and stability at the MREFF using an HO standr•3

reference .aterial supplied by the USAMROC. Based on MREF gas chrc-at'rai:h4
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H.:s, •Z fr:i L Nt No. U-62.6-C7r-N-I w,•S found to be approAimately

23 r: ure at the tine ef the study.

The test TS~s, identified as ItC Nos. 1536 (Lot Nos. 5256,

IJA!•;iS, and 03,'-',IAH), were supplied by the U.S. Army Medical Research

Institste for Chemrical Defense ('JSAMRICD). Chemical purity and appropriate

identification Aere the responsibility of the USAIMRICD. ',

The ccntrol TSP was obtained from Union Carbide Corp., and consisted

of a prcprietary mixture of polyethylene glycol (Carbowaxs; Lot No. 1S-403051)

havin; an average molecular weight of 540 daltons (PEG 540).

2.2 Animal Model

Forty-eight, specific pathogen free, New Zealand White (albino),

male rabbits weighing initially between 2.0 and 4.0 Kg in weight were supplied

by Hazleton Laboratories. Rabbits were chosen for this study because we have

significant prior experience evaluating the percutaneous effects of HO and the

application of candidate TSPs with this species. In accordance with the

routine provisions of MREF Protocol 58 (Attachment A), the animals were

randomly assigned to two weight-homogenized treatment groups of eight animals

each per day of dosing and were prepared for treatment prior to study

initiation.

2.3 Study Oesign

The methods detailed in MREF Protocol 58 (Appendix A) for phase one

HO dosing only were followed in performing this study. The clipped dorsa of

each rabbit oas delineated into seven dosing areas of 2.5 cm by 5 cm which

were designated as sites A through G as shown below:

Anterior C I. Posterior

A C E G Right

Midline - - -

8 0 F Left
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A 3

1 . , i-* ýs :±s;lat:: -a tl;nated as a T ?:i~
J -ree X2 . " e! -.J - n; areas (3, D, an.d C,1 Z' a ~

.% zý.re ,f 1C' No. 1:35, Lot No. 5256 was a-ppiel from a I 7. e

C-c n-- e) and sprsal to a unifcrm target thick.iess of 0.1 rn. The cz"r '

TSP as similarly applied to eac4 of three 2.5 x 5.0.cm dosing areas (A, C,

Sad E) :n tve same 24 animals. In another set of 24 rabbits, Lo: Nos.

j: A: 3ri4H an-, 03JAN'AH of IC3 ?o. 1536 were similarly spread cn ntra;•-er!

sides of the dorsa. Each TS? mas allowed to remain undistur:ed on the

ra3:it's back for a;-roxinately 60 min ;rior to NO challerge. Then, I ;- of

HO mas aplie3 to e~cn of the TSP-treated test sites and the untreated c:ntrol

sites from a I AL gastight syringe equipped with a sharp-tipped needle. Care

was exerciscd to ensure that the TSP layer was not mechanically disturted in

the dosing prccess. At the protocol-sperified decontamination times (i.e., 1,

2. and 4 hr), each of the TSP application sites was decontaminated with a

I five perent NaWCl solution followed by a distilled water rinse. Tha

TSP-untreated control site "GO was similarly decontaminated inmiediately prior

3to the initiation of dermal lesion area evaluation (approximately 20 to 24 hr

after NO application).

1 Twenty-four hr following NO-exposure, lesion lengths and widths were

estimated for all HO dose sites, and absolute iesion areas were calculated.

Absolute lesion area data from all TSP treated sites were expressed as LARs,

i.e., ratios of the lesion area from NO-exposed test sites to the
q TSP-unprotected, NO-exposed, 24 hr-decontaminated contrul lesion site on each

rabbit (i.e., site *G*). Thus, 24 LARs were estimated for each lot of ICD

No. 1536 and the control TSP at each exposure period. The tARs from Lot

I Nos. 5256 and IIJAN91BH -mere statistically co.oared for compatibility with
historical data previously obtained inder similar test conditions. The LARs

for each lot of ICO No. 1536 pretreatment and those for control TSP
pretreatment were then statistically compared using an unpaired t test with

3 the overall alpha level set at 0.05. To increase the statistical power of the

comoarison, the historical LARs for the control TSP were used for this

c:mparison if the LARs from the current control TSP sample were found to be

compatible with those of the historical data set.

I1
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3.0 RESULTS

Areas of iCsicns resilting from the application of 1 ;L of HO to :n-

jirJiiidu.il animals are shc-.n in Table 1. Univariate statistics for absolute

HO lesion areas are shcwn in Table 2. Univariate statistics derived frcm HO

U LARs expressed as a percentage of the control dcse site on the same ratbit,

along with result- of contrasts between the three lots of ICD No. 1536 and

I PEG 540, are shown in Table 3. A summary of the historical LARs for the

control TSP is shown in table 4.

The number of rabbits (N a 187) and the mean LARs representing the

PEG 540 quality control data base in Table 4 do not match those shown in

Table 3 for PEG 540 (N - 163). The reason for this is that during the c~ndL'ct

3 of Task 89-03 three sets of eight rabbits were found to be outside critical

limits and had to be r~placed by additional sets (total - 24 rabbits) for a

total of 139 rabbits in Table 3. However, all rabbits, even those in sets

which exceeded the upper or lower control limits, were retained in the PEG 540

quality control data base (Table 4;. One reason for this was that otherwise

the critical limits would become closer to the mean as TSP screening

proceeded, thereby reducing the range for accepting a set of eight animals for

a study. Table 4 indicates that LARs for the control TSP fell within the
upper aiid lower critical iimits as required for conducting a valid study.

Since the current data from the TSP control sites were found to be

statistically compatible with the historical data, statistical comparisons

m could be made between the historical lesion area data for the control TSP and

for all lots of ICD No. 1536. The current assessment of ICO No. 1536, (Lot

I No. 5256) was completely consistent with the historical assessment. However,
the current assessment of Lot No. IIJAN918H indicated it had significantly

more efficacy then in its previous assessment.

Using all historical and current standard TSP data and all current
ICO No. 1536 data, the multiple comparisons test indicated statistical

equivalence between Lot Nos. 5256 and 03JAN91AH at all exposure periods.
Tlese lots were significantly better than Lot No. IIJAN9IBH (the lot which hal

3 shown a >.oorer performance in previous tests) at the I- and 2-hr exposure

three lots of ICD No. 1536 were better than the standard TSP, PEG 540, at all
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TABLE 2. IN VIVO ASSESSMENT OF TOPICAL SKIN PROTECTANTS
"T75of' 3Y HO LESION AREAS (sq. rn) RESULTING
FROM THREE EXPOSURE PERIOOS

J
Time After Dosing toSODecontamination

TSP I hr Z hr 4 hr

03JAN9;AH N 24 24 24

MEAN 33.3 55.3 65.3
STO 27.0 53.5 44.1

5256 N 24 24 24
MEAN 29.1 60.5 83.5
STO 19.4 66.3 90.8

11JAN919H N 24 24 24
MEAN 85.5 114.0 112.0
STO 58.0 100.7 61.0

PEG 540 N 163 163 163
MEAN 157.7 202.2 255.7
STO 85.7 94.8 121.0

I
U
U

I
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TABLE 4. HISTORICAL PEG 540 CONTROL VERSUS CURRENT MEAN LESION
AREA RATIOS (PERCENT RELATIVE TO NO-TSP CONTROL SITEI

Time from Exoosure to Decontamination

I hr 2 hr 4 hr
HTistorial Current Historical Curren't historical Current

N 187 24 187 24 187 24

I UCL 48.8 63.0 80.0

?Mean 36.6 32.6 48.0 42.3 61.0 52.5

LCL 24.5 33.0 42.0

UCL a Upper critical limit, mean + 3 standard deviations
LCL - Lower critical limit, mean 3 standard deviations

I
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10 1
three exposure periods. The overall index of performance, called Score in

Table 3, showed this order of protective efficacy: 03J•N91AH - 5256 >

IIJAN913H > PEG 540.

4.0 CONCLUSMONS

Current testing of ICD No. 1536 (Lot No. 5256) in the MREF Task

89-03 Phase I screen demonstrated complete consistency with the historical

assessment in its protective efficacy against HO challenge. Lot

Nos. G3JUA91AH and 5256 were equivalent in their protective efficacy against

4HO challenge, whi:t was better than Lot No. I1JAN918H, despite the significant

improvement in the latter relative to previcus test results. All three ICO

No. 1536 lots were significantly better than PEG 540 against HO challenge.

5.0 RECORO ARCHIVES

Records pertaining to the conduzt of this study are contained in

Battelle Laboratory Notebook No. MREF - 220. Pre-study animal quarantine and

observation records are on file at the MREF. All original data, as well as

the original copy of this report will be maintained at the MREF until

forwarded to the USAJ4RICO at the conclusion of the contract.
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